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Preface

The loss of fiscal, material, and personnel accidents and injuries, so that remedial
resources and the degradation of mission measures can be taken to reduce accident rates
readiness as a result of aircraft accidents are and morbidity and mortality.
important areas of concern for NATO nations.
Tremendous technological advances in human The AGARD Executive, the Aerospace
operated aviation systems have made it Medical Panel, and its Biodynamics and
possible to significantly expand the operational Human Factors Committees decided upon this
role of NATO military aviation and allowed Symposium as an efficient means of pulling
persons operating those systems to accomplish together information on how NATO nations are
increasingly more complex missions. At the addressing the tasks of investigating the
same time these advances have tremendously aerospace medical aspects of aircraft accidents.
complicated human tasks and increased aircrew These proceedings are the product of that
workload to the point of overloading human effort; a compilation of papers detailing proven
capabilities. Also, the cost of producing these investigative techniques, analyzing accident
sophisticated aviation systems and of the information from vast databases, describing
training of humans to operate them have successes in prevention, and proposing new
become exponentially more expensive, research areas attacking yet to be solved
concurrently drastically increasing the cost of problems.
losses due to aviation accidents. Papers cover the following topics:

As the complexity of aviation systems has - human factor causes of accidents;
increased, so has the task of investigating - occupant injury investigation
aircraft accidents. New technologies have had (including simulation);
to be applied in order to determine the causes - test devices for dynamic response;
of accidents and new techniques developed in - fixed and rotary wing aircraft accident
order to assess such things as the mechanisms data;
of injuries sustained in accidents. Human - spatial disorientation;
factors continue to cause the vast majority of - injury and accident prevention;
aviation accidents, and the accurate depiction - post crash fire, toxicology, and
of accidental injuries and fatalities continues to forensic pathology;
be a challenge to epidemiologists as they - crew error prevention;
endeavor to isolate causative factors of both - crew risk factors
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Pre~face

La perte dc moyens matdriels, personnels et morbiditd et la mortalitd des accidents.
tiscaux et la degradation de la disponibilitd
oprationnclle qui rdsultent des accidents Le Panel AGARD de Mddecine Adrospatiale,
d'avion sont des questions prdoccupantes pour son Adniinistrateur et les Goniitds des Facteurs
les pays membres de l'OTAN. Les progr~s Huniains et de la Biodynamnique du Panel ont
technologiques drnormes rdalisds dans le ddcidd que ce Symposium dtait le moyen le
domlaine des syst~mes daviation pilotds ont plus efficace pour rassembler des informations
permis une extension considdrable du r~le sur l'approche adoptde par les membres de
oprationncl de I'aviation militaire de I'OTAN, I'OTAN sur le prob1me de 1'investigation des
en autorisant les personnes qui pilotent ces aspects niddicaux des accidents d'avion. Ce
syst~nmes A accomplir des missions de plus en compte rendu reprdsente
plus complexes. le produit final de tous ces efforts. 11 s'agit

d'un recueil de prdsentations qui d~crivent les
En Wnme temps. ces progr~s ont rendu tr?~s techniques d'investigation qui ont fait leurs;
conipliquds les t~ches de l'opdrateur et preuves, qui analysent les donindes d'accident
augmnentd la charge de travail des 6quipages au foumnies par des bases de donrides importantes,
point de saturation des capacitds humaines. De qui dnum~rent les succ~s obtenus dans le
plus. les coats de fabrication de ces syst~mes domaine de la prdvention et qui proposent, de
d'aviation sophistiquds et le codt de la nouveaux domaines de recherche qui
fornnation des op~ratcurs ont augnientd de permettront d'aborder les problMies qui restent
fa~on exponentielle. cc gui a eu pour et'fet A r~soudre.
&'augmienter radicalenient le co~t des pertes
suite aux accidents d'avion. Les communications couvrent les sujets

suivants:
La coiuplexit6 croissanle des syst~iics
(Iaviation a rcndu plus comnplexe ]a ttche des - le facteur humain dans les accidents
enucjteurs sur les accidents d'avion. 11 a fallu - l'investigation des blessures reques par
metitr ecn oeuvrc de nouvelles technologies afin les occupants (y comipris la simulation)
dec ddcrniincr Ics causes des sinistres et - les installations d'essai de la rdponse
(I(dveloppeT de nouvelles techniques. par dynamnique
exeniple pour F'dvaluation des m6chanismes - les dornndes d'accident sur les adronel's
des hiessures re~ues. Le facteur hurnain reste la A voilure fixe et A voilure toumnapte
cause de la grande wnajoritd des accidents - la ddsorientauion spatiale
Wavion et la reprt~sentation fiddle des blessures - la prdvention des accident,ý ct des
accidentelles et des accidents miortels continue blessures
ý 61re un (dfti pour Ics 6pid6niiologues qui - les incendies suite all. accidents, la
tachent d'isoler Ics facteurs causatik' des toxicologie et la patt'ologie Idgale
accidcnts et des blessures. at-i de rcndrc - la prdvention des ei~eurs de la part de
po~ssible la mise en oeuvre de mesures l'6quipage
correctives qui rdduiront le nomibre, la - les facteurs de risque pour l'dquipage
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I INTAODUCrION
"The• tAerospace Medical Panel Symposium on"Aircraft Acci- vention. The large number of sessions reflects the diversity

.. i:-: Trendi in Aerospace Medical Investigation Tech- and complexity of the subject area ard the high level of in-
iliqtues was leld at the Altin Yunus Hotel, Cesme, Turkey, terest in the symposium,
1ru.nm April 27 to May 1, 1992. Authors from 11 NATO
o•C;O!ries and ! rIon-NATO country presented 58 papers. The first session, "Investigation: Human Factors," covered

methods in performing human facters investigations of air-
2. THEME craft accidents.
l'he th.eme of the symposium was recent trends in aerospace
medical investigation techniques in aircraft accident recon- The second session, "Investigation: Occupant Injury and
stracoon Since the early commencement of aviation, acci- Simulation," discussed occupant injury in crashes emphasiz-
dents have occurred for a variety of reasons in both fixed- ing mechanisms of injury and methods of simulating occu-
ano rotary-wing aircraft. Progress in technology has incre- pant response to crash forces.
ased significantly the reliability of airframe, avionics and
p;opuisi.n systems. However, at the same time advanced The third session, "Investigation: Test Devices for Dynamic
techniques in aviation and weapon systems have exacerbated Response," comprised a number of papers describing the use
greatly the physiological and cognitive demands on aircrcw. of manikins for crash impact simulation and new efforts to
'lie result is that aircraft accidents due to material causes improve manikin biofidelity.
have diminished progressively while the percentage of hu-
man factor-caused accidents has not. The formal investi- The fourth session, "Accident Data Analysis: Fixed-Wing
gation of an aircraft accident by engineering and human Accidtnts," concentrated on human factor causes of fixed-
factors specialists is essential not only to identify the cause, wing accidents in various NATO air forces.
but also to make recommendations to improve the man-
machine interface and reduce human error accidents. The fifth session, "Accident Data Analysis: Spatial Disorien-

tation," included papers that discussed spatial disorientatior
3. PURPOSE AND SCOPE and illusions ias an accident cause factor. Means of estab-
The purpose of the symposium was to discuss recent trends lishing spatial disorientation as a causative factor, as well as
in human factors-related accidents and current techniques means of preventing spatial disorientation also were dis-
utilized to elucidate accident and injury cause factors during cussed. Also presented was a paper on performance effects
the investigation and reconstruction process. of moderate levels of blood alcohol.

The scope of the symposium was extremely broad. Par- The sixth session, "Accident Data Analysis: Rotary-Wing
ticipants included operational experts, pilots, psychologists, Accidents," was focused on general aspects of the epidemi-
human factors specialists, flight surgeons, air safety special- ology of helicopter crashes. Several papers were devoted to
ists, physiologists and engineers from a myriad of military ditching accidents while two others focused on cras:.,Vorthi-
and civilian organizations in 12 countries. Topics included ness aspects of helicopter and life support equipment design.
techniques of human factors accident investigation, reviews
of accident cause factors, injury investigation techniques, The seventh session, "Rotary-Wing Injury and Accident Pre.
simulation techniques, human surrogate design, mathe- vention," was largely a continuation of the previous session
matical modelling, spatial disorientation, forensic techniques concentrating on accident and injury prevention in rotary-
and accident prevention, wing operations.

4. SYMPOSIUM PROGRAM The eighth session, "Accident Pathology: Fire and Taxioot-
The symposium comprised 11 sessions each emphasizing dif- ogy," discussed various aspects of fire safety, toxicology, and
ferent aspects of aircraft accident cause factors, investigation the toxicoiogical investigation of aircraft accidents.
and reconstruction techniques, and methods of accident pre-



T'hc ni~ii session, "Accident Pathology: Forensic Studies," of individuals in the groups, professional pride, and srolc
cvontliml.:d tl:e themne of the previous session, but Concen- psychoanalytic factors) but might also have p'iio!ed 13m that
rated on gross andt hitol, gic postmortem fiadings in the in- flying is the core occupation in an air force, with aMl nthc

vcsthgI'tion of aircraft accidents, occupations supporting it, and this f;ous on the pi!fo •s th,
individual with a central role is likely to he reflected in IJ;R

Tile tenth session, "Accident Prevention: Reducing Crew job satisfaction.
Frror," covered a range of topics reiating to methods to pre-
vent human error aviation mishaps. The relationship between the morale of the pilot and safety

was not explored by Cetinguc, but the presentation try
The final session, "Accident Prevention: Technical Solutions Rameckers provided a conceptual framework for examining
and Risk Factors," included a diversity of papers dealing such effects. Both Rameckers and Green, the symposium's
with known and postulated risk factors predisposing to hu- lecturer, emphasized the extent to which investigations of
'nan error and methods for detecting and limiting the dele- the human factor in accident investigation have moved from
terious effects of there factors. addressing the events that occurred in the cockpit and the

associated behavioral characteristics of the crew members,
5. TECHNICAL EVALUATION to a wider consideration of the human factors within the
"1he medical investigation of aircraft accidents is an enor- management and organization of the total system within
niously complex task requiring the integration of expertise which the pilots operated. The importance of this wider
from numerous related fields including medicine, psych- approach is twofold. The first advantage is that the higher
oloy, engineering, and the basic sciences. For the purposes within the hierarchy of a management system that a fault or
of this symposium, presentations were divided into two ma- unsafe procedure can be identified, the more generality
jbr areas of concentration--human factors considerations in rectification that fault will have. Second, the recognitionaccident causation and biodynamic and toxicological con- that management and organization decisions and practicessiderations in injury causation. The human factors portion can affect safety means that attempts may be made to

of an aircraft accident investigation attempts to establish the monitor "system health" in order to act as early warning of
Icain of events that led to the accident and the roles human potential system failure. If the hypothesis is accepted that

actions played in these events. The main emphasis being to a management shortcoming will result in an accident only
determine why the accident occurred and, more importantly, when combined--in ,an unlikely conjunction--with some error
what can be done to prevent similar accidents. Properly made by the individual, then plugga.ig the hole at the mar-
conducted, such an investigation encompasses considerations agement level is likely to make the system generally more
of ýticraft design; operational procedures; airerew, ground error tolerant at the individual operator level.
crew, and management training; and physiological and psy-
chological factors influencing personnel involved in the Rameckers presently is trying to monitor the system health
chani, of events leading to the accident, or risk state of every squadron in the Royal Netherlands Air

Force. This should be regarded as a bold experiment that
The injury investigation portion of an accident investigation is breaking new ground in the area of human factors and
attempts to establish the cause or mechanism of each injury flight safety, and its results are awaited with great interest.
sustained by an occupant of the accident aircraft. A clear
understanding of . tjury mechanisms is required to devise The remaining three papers addressed here took a more
effective means of preventing or reducing injuries in future monventional approach to the problem area, but ail em-
crashes. The determination of injury mechanisms requires bodied some interesting points. Pollack gave a description
a thorough reconstruction of the physical crash events in of the aircraft accident investigation process in Sweden,
order to determine the sequence, magnitude, direction, and where the inclusion of human factors specialists in the acci-
duration of crash forces. From this information, one can re- dent board has become routine. She also emphasized the
construct the dynamic response of the aircraft, its compo- importance of system factors in the accident process, but the
nents, and its occupants during the crash and identify inju- point she made, albeit incidentally, of perhaps greatest inter-
rious interactions between the occupant and his s.a-rounding est concerned the nature of the investigation board. In al-
environment. Failure modes of structure including the air- most all countries, the military investigates its own accidents,
craft floor, seats, and restraint systems are identified and and the likelihood that system shortcomings will be identi-
correlated to injury. Finally, postcrash factors such as avail- fled with any boldness by an officer who depends onl the
ability of escape paths and inhibition of escape by debris, same system for his own career advancement must be re-
fire, toxic smoke, water, or other fc.ctorý are considered. garded as distinctly low. In Sweden, however, the investi-

gation board is an independent authority that covers all ma-
Session I jor accidents and incidents in aviation, military as well as
Session I of this meeting was dominantly concerned with civilian.
descriptions of how different nations address the human
factors investigation of flying accidents and maintain records It seems clear that investigation by an independent authority
of the investigations. The exception to this general theme is a direction in which any desire or requirement for objec-
was the presentation by Cetinguc that described a study in tivity compels, but whether the vested interests in the pre-
the Turkish Air Force in which pilots completod two tests, sent systems will permit this is extremely doubtful, Lack of
the "State Trait Persor.ality Inventory" and the "Zung De- independence. of investigation might reasonably be regarded
pression Scale," in order to assess well-being, distress, anx- as one of those system or management factors that should
iety, and depression. It was the contention of the author be regarded as a flight safety hazard in itself.
that these factors combine to generate the general concept
of "morale" and he discovered, to his apparent surprise, that The paper presented by David on Canadian Forcs aviation
a group of over 300 pilots appeared to have better (in these highlighted, on a number of occasions, the need to spend
terms) morale than a control group of nonflying air force of- money on tackling the human factors problem in aviation at
ficers. The author suggests some reasons for this (selection a level commensurate with its importance. Htowv\e-r. per-



I in-,. , tercdtinlg in this papcr was the use of termi- scat in fiont ,rod with the lower legs angled back bIhifmd the
tiolhgy such as "Inattention," "judgement," "technique," and knees offered the best protection.
"careiessncs•" that crop up in many taxonomies of accident
dcti)logLv, t•t which beg definition. Paper 12 (Rowles, Wallace, and Anton) considered the

question of whether injury severity scoring (ISS) could pro-
A similar point could be made with regard to the paper by vide additional useful information for crash investigato.-s.
e,, iii which he points out that the U.S. Air Force does ISS data correlated well with structural damage to the air-

not use human factors specialists or psychologists in accident craft. Variations in the ISS were useful markers for other
hoiards, but has had a rather unhappy experienoe in at- injury mechanisms such as being struck by overhead items
tempting to use flight surgeons as a substitute for them. lie or interactions with other passengers. The authors con-
went on to describe the record form used in keeping U.S. cluded that both abbreviated injury scale (AIS) and ISS cod-
Air Force life science accident data, the system used to keep ing are valuable techniquts in analyzing passenger injury
the data, and the training course to which future investi- data.
gators are to be subjected in order to attempt to standcrdize
their methods of categorizatio-1. fie went on to suggest that Paper 13 (Powles, Anton, and Wallace) dealt with anomalies
other nations should participate in the scheme in order to in patterns of femoral fracture in the Kegworth accident.
maximize the size of the database and establish as much The conventional explanation for femoral fracture on -G,
commonality as possible between nations, impact is axial loading. Data from the Kegworth accident

indicated that femoral fractures occurred in the absence of
There can be no doubt that these are worthwhile goals that knee injury. There was a statistically significant association
should be addressed. Other nations will doubtless wish, between sitting in the center of a row and sustaining a
however, that their accident investigation experience and femoral fracture. The authors concluded femoral bending
categorization techniques should be taken into account. rather than axial loading was the mechanism of f,'acture.
A,•o, it should be borne in mind that although detailed re- This appeared to be due to a complex interactior. between

cord keeping is surely important, it is not a substitute for the seat occupant and his seat.
thought and insight in the initial investigation.

Paper 14 (Nieboer and Wismans) dealt with the use of
Ovelall, this session produced some thought provoking pre- computer simulation of impact. The paper concentrated on
sentations, some interesting contrasts, and one or two good the application of MADYMO in crash simulation research
ideas for new procedures in human factors and air safety for and used as examples astronaut escape, a three dimensional
the future. simulation of the Kegworth accident, and a simulation of a

16G dynamic seat test.
Session II
The papers in this session were devoted to the investigation Paper 15 (Walker, Sturt and Boag-Izatt) described the use
of occupant injury and to computer simulation of occupant of OASIS DYNA3D as a computer program for use simulat-
response to impact. Four papers dealt with some of the ing occupant response to impact. DYNA3D is a three-di-
findings from the investigation of the accident to the Boeing mensional nonlinear finite element program. Particular ex-
737-400 that crashed on the Ml motorway at Kegworth in amples were given showing the modeling of the Eurosid I
the United Kingdom in January 1989. The remaining pa- dummy.
pers dealt with mathematical modeling of occupant response
to impact. The session demonstrated the advances that have beer.

made in assessment techniques in the automotive industry,
Carter's paper (number 10) presented findings that dealt in turn originally developed by the aircraft industry, and the
with the structures investigation of the Boeing 737-400 ac- transfer that now is beginning to take place back to aviation.
cident and, in particular, with the investigation of the fail- The value of detailed, careful recording of injury data was
ures of the seats mad aircraft floor and the overhead bins. shown in the results from the Kegwortb accident. The anal-
The work indicated that it was the failure of the floor that ysis of these data and subsequent reconstructions showed
precipitated the failure of the seats. The overhead bin fail- that axial femoral loading may not be the mechanism of fe-
ures were shown to be due to the failure of the attachment moral fracture in some impacts. The importance of using
of the diagor•d tie to the top surface of the bin followed by injury scores in analyzing injury patterns within an accident
sequential failure of the remainder of the attachments. Thue and also for generating statistical information on a series of
loads on impact were estimated by the use of the hybrid accidents was shown.
computer program KRASH, and this indicated that the im-
pact pulse was considerably outside the design limits of the Computer programs for assessing the effects of impacit ak
bins. This impact pulse subsequently was used as the input were discussed. These are powerful tools, but they are ex-
in studies on the occupant response to impact. The author pensive to use and tend to require considerable engineering
concluded, inter alia, that it was important to set realistic judgement in their applications. Nonethelss, they are the
crarthworthiness standards that were applicable to all items only means of analyzing complex or sequential impacts.
of cabin structure and not just seats in isolation. Session I!1

Paper I I (Hlaidar and Rock) dealt with the occupant slmu- Session III was devoted to presentations relating to the use
lation of the response to impact using the computer pro- of human surrogates In testing dynamic response to impact
gram MADYMO and input impact data derived from the acceleration. Paper 16 (Frisch, Boulay, and .1cm) de-
results of the KRASI- modeling. The authors analyzed scribed the design and development of an Improved Hybrid
occupant response and compared this with clinical Injury III Anthropomorphic Test Device (ATK ). After a descrip-
data. The authors also looked at the effect of adopting tion of the general uses of the Hybrid Ill. the authors dis.
different preimpact positions in the seat, They concluded cussed some of the deficiencies of the manikin including its
that a brace position with the head against the back of the lack of spinal comprew•sAv response, the lack of spinal axial



toatior- , and the inability to change the contour of the to imrprove responses in these aAc;S w,.re demo1n.trated. 1h
spsin. The authors discussed the modifications that they is to be hoped that some of 'qiese modificatiorns will I
had developed which also included a modified pelvis that developed, standardized, and marketed.
iivvs more hunman-like space and weight characteristics and
which also heises an ori-board instrumentation system. The different approaches to dummy development were in

evidence. The U.S. Air Force is the only organizatuin -. ing
Paper 17 (Van Ingen-Dunn, Richards, and Kaleps) dealt ADAM, the cost of this dummy being a major inhibitor,
initially with manikin development from the Grumman factor for other agencies. Other laboratori-s appear to be
Aldersen Research Dummy (GARD), originally developed converging on variants of the Hybrid I11. This 1,jrticular
to tive sta:ic inertia] loading in ejection seats, to the Ad- ATD) is available with extensive instrumentation and has
varnced Dynamic Anthropomorphic Mannequin (ADAM). both regulatory and impact injury research applications. AThe authors describe some of the limitations of ADAM: plea for greater communication between those engaged in

the lack of adequate biofidelity in the neck and poor limb automotive and aviation impact research was entered.
sefmcnt mass distribution characteristics. The develcprncut Session III clearly demonstrated the commonality of the
of a new concept neck was detailed and encouraging data disciplines involved and the advantages to be gained by
were presented on the performance of the new neck. better communication. Whether the appropriate vehicle for

fostering this is AGARD, is for others to decide.

Examp!es also were given of work to improve limb segment Session IV
inertial characteristics using composite materials and new Six papers presented in Session IV were related to fixed-
fah.-ication techniques. wing accidents. They were divided into two homogeneous

groups, one exclusively addressing F-16 accidents (papers 22
Papor lIF (Roberts) was concerned with the design and use to 24), the other addressing in more general terms fixed-
of automotive crash test dummies and a general overview of wing accident data and causal factors in the Belgian, French,
the IJK Transport and Road Research Laboratory (TRRL). and Hellenic Air Forces (papers 25, 26, and 28). In both
Thle paper provided a general overview of some of the pro- groups, only class A mishaps (loss of aircraft, life, or damage
blens in design, development, and calibration. The effect exceeding $1 million following the U.S. definition) or equi-
of impact vector on design was illustrated by reference to valent were considered.
the variations in construction of frontal and side impact
dummies. It was stated that TRRL preferred to use the Vanderbeek (paper 22) made an exhaustive review of U.S.
OGLE OPAT dummy in preference to either the Hybrid II Air Force F-16 mishaps since 1984. Out of 120 mishaps, 65
or Hybrid III when testing restraint systems. It was claimed were attributed to human error and resulted in 42 fatalities.
that these latter dummies did not possess the right charac- Starting with the classical categorization where loss of situa-
teristics for restraint system testing as they had been devel- tional awareness and spatial disorientation represented the
oped for the evaluation of unrestrained oupants and air causal factor in 28 cases, an expanded concept of mishaps
bags. The role of TRRL in the development of Earosid and causality was proposed in an attempt to include operational
a mathematical representation of this in DYNA3D also was reality in the analysis. Six situational awareness subsets
discussed. were defined and, reanalyzing the 65 mishaps, he assigned

Paper 19 (Newman, Zellner, and Wiley) was concerned with a "primary causal subset of degraded situation awareness" to
the development of a modified Hybrid IHI dummy to im- 56 cases. This new classification was intended to demon-prove its useflo ness in motorcycle-to-car crash testing. The strate the preeminent role played by tactical and perform-
modificatiosue included a modified neck, to ensure the cor- ance awareness at the origin of the mishaps. In a second
rect presentation of the helmetdhed ek during the crash, section of the presentation, a program developed by the
changes to the lumbar spine to produce greater flexibility Tactical Air Command to improve pilot attention and

chanes o te lmbarspie t prduc greterfleibiity awareness was discussed. This program, called the Airerew
and provide the correct sitting angle, an abdominal insert to Attention and Awareness Management Program currently is

assess penetration depth and modified frangible lower legs introduced at different levels of training for TAC pilots.

to give an appropriate kinematic response after leg fracture.

The details of the modifications were given together with F-16 mishaps in the Royal'Norwegian Air Force were exam-
the data from cadaver validation tests. ined over a 10-year period starting in 1981 (paper 23). Dur-

Paper 20 (Glaister, Waugh, aind Neil) dealt with the use of ing this period, 12 aircraft were lost due to in-flight mishaps,
Papetdrd 20 insterumented Hybd Nell) dein wi the as sment of t human factors were involved in 9 cases and among these, 6a sctantdard instrumented Hybrid III in the assessment of the fatalities occurred. The loss rate was 9.2 per 100,000 flightoccupant response to water impact in a free-fall lifeboat, hours by the end of 1991, which is slightly better than the

Paper 21 (Weiss, Willerns, Mugnier, and Pittmanet) de- average of other European Air Forces using F-16. The
scribed the application of magnetohydrodynamic angular study addressed several questions such as the concerns of in-

vestigators regarding human factors, the methods they used.motion sensors to a revised sensor package for measuring what they reported, and what recommendations they made.
head/neck dynamic response to impact. The analyses of the Regarding these two last items, the classical human factor
tests showed that the new sensor and photogrammetry sys causes of accident were evoked with a particular emphasis
tem compared favorably with a 9-accelerometer array. The on lack of continuation in flying, "get-it-done-itis" and
study confirmed the new system as being simpler, more ac- chaanelized attention. Recommendations bore ementially
curate, and more portable than the one previously in use at on tactical awareness problems and some physiological con-
the U.S. Navy Biodynamics Laboratory. corns. Several points are of interest In improving invtsti.

Session [il showed the advances that have been made in im- gation of the human factor In accidents, These include
proviong dummy showedth 7dv ances Y-axis h rbesonsdes con- taking into account the flight safety potential of the miouhap,
proving dummy biofidelity. Z- arid Y-axis responses con- correct reconstruction of the event% mechanisms of effort,
tinue to be a problem and dummy designs and modifications and soclopsychologleal consderations.



'iTch l10i.;n Air rorce was the first in Enrope to introduce awareness were mostly involved as the cause of the mishap-
Ittl, 1- 10 into- operational squadrons (paper 25). Since 1979, No G-LOC mishaps were reported.
thc I:lIgiavs F-lts hwve suffered high attrition rates. Their
ceric,U -ate is 14 per 100,0) flight hours after being as high Human factors were presented as the dominant cause of ac-
tr; 20 from 1080 to 1933. Such high rates partly were due to cidents in the Ilellenic Air Force with a particular emphasis
1ca _.nical Jaihires occurring in the early years, but also due on pilot error (papers 27 and 28). The analytical study c&aS-
to the drastic increase in maneuverability and performance sifted accidents into several groups including pilot related
of (ihe F-10 in comparison to the previous generation factors and environmental stressor effects. Inadequate flight
fighters used by Belgian pilots. Human factors causes repre- training was the most frequently invoked cause and psycho-
scracd a large portion of the primary accident cause factors logical factors also appeared to be a problem. Catego-
ascribed to these accidents (current rate 9 per 100,000 flight rization of pilot error fell into the classical categories usually
hours). Four aircraft were lost in flight operations related recognized. The trend in the Hellenic Air Force is toward
accidents, five in controlled flight into terrain and six in significant progress in flight safety issues, while some con-midair collisions. Management problems in a particular cerns are raised with the introduction of n.,w generation air-

squadron have resulted in an increasing trend in accident craft.
rates. After identification of this problem, which %ss not
obvious, and subsequent correction, the Belgian Air Force The epidemiologic analysis of fixed-wing aircraft accidents
mishap rate returned to a level comparable to other Euro- shows very clearly that combat aviation pays the heavier tri-
peant nations using F-16s. This example clearly demon- bute to operational readiness. Despite some concerns re-
strates the value of a thorough human factors investigation garding the introduction of new generation aircraft with to-
in the accident investigation process. tally new capabilities, it seems that there is little ground to

think that air operations will become increasingly dangerous,
It should be noted that the three papers dealing with F-16 at least during peace time. As a matter of fact, the decrease
Lccidents, given by authors with a flight surgeon background, in fatalities observed in the French, which could probably be
mainly stress the role of tactical and performance awareness matched by identical observations in other NATO air forces,
problems (following the classification proposed by Vander- may definitely be related to technological improvement in
beck). Interestingly, the recommendations of the inquihy escape systems (ejection through canopy, 0/0 rocket pro-
boards resulted in corrective actions such as enforcement of pelled seats, and so on). It still remains that the category of
flight procedures and regulations and specific training to irn- mishaps falling into the spatial disorientation problems, par-
prove situational awareness and management decisions. ticularly type I disorientation (unrecognized), are unani-

mously demonstrated as generating a very high fatality rate.
This trend and the effectiveness of corrective actions was This aspect was particularly developed in Session V.
confirmed by the review made in the Belgian Air Force over
a 21-year period, reported by Biesemans (paper 26). The
authors addressed both combat and training aircraft mis- Session V
haps. During the period, 114 aircraft and 62 pilots have This session dealt primarily with spatial disorientation as an
been lost by the Belgian Air Force in peacetime operations. accident cause factor. Paper 31 addressed epidemiologic as-
The overall rate of attrition was computed at 10.8 per pects of disorientation and accidents in fixed-wing aircraft,
100,000 flight hours, with a rate of 14.3 for combat aircraft. while paper 32 dealt with disorientation problems in rotary-
Globally, operational factors were involved in 71 percent of wing aircraft.
the mishaps. Their analysis showed that the accident rate
increased to a rate of 16 over the past 12 years. ThLs in- Lyons (paper 31) reported that spatial disorientation con-
crease coincided with a drastic reduction in pilots' annual tinues to be a major contributing factor in 14 percent of ac-
flight hours to a historical low of 120 hrs/year, the intro- cidents in fixed wing aircraft over a 2-year period. Nine of
duction of the agile F-16, and a deficiency of experienced the 13 accidents recorded were fatal. A review of the acci-
pilots in the squadrons. The problems of decreasing flight dent database was made to investigate the way spatial dis-
hours and pilot experience are compounded by cuts in mili- orientation factors were codified by investigator& Coding
tory budgets. This situation calls for increased awareness generally was found to be quite inconsistent with some evi-
and a more active role of management and flight safety per- dent misclassification and sometimes revealed a lack of un-
sonnel at all levels. derstanding of the spatial disorientation problem involved

in the accident. Differences also were found with accidents
The survey made in France and reported by Ossard (paper in the Navy, though some semantic variations could be in-
25) covered a 24-year period from 1977 to 1990. Some 210 volved. Definitional problems may contribute to the oh-
mishaps were reported, leading to an overall rate of 3.7 per served range in SD related accidents. The authors stressed
100,000 hours. Most of these accidents were related to com- the fact that spatial disorientation very often is indicated
bat aircraft (72 percent). Apparently, the introduction of with cockpit attention contributing factors and that the dis-
new generation aircraft, Mirages FI-CR and 2000, did not tinction between loss of situational awareness and spatial
affect this proportion although the specific rate related to disorientation is not really clear, Therefore, clarification of
this category appears slightly higher than with other aircraft. definitional and semantic issues seems to constitute a pre-
The human factor remains the predominant causal factor in requisite to a scientific approach to the study of the pro-
mishaps (63 percent), but paradoxically is less frequently in. blem.
volved in combat aircraft thpn in training aircraft. Fatalities
occurred in 46 percent of the cases with a clear and regular Durnford (paper 32) presented the results of a questionnaire
decreasing trend since 1987. Regarding the new generation survey Intended to gather Information on the genesis and se-
of fighter aircraft, a delay of 3 to 4 years before recording verity of disorientation episodes for pilots In the WIt"sh
the first accident after introduction in operations was ob- Army. Spatial disorientation historically has caused 15-20
served generally. Spatial disorientation and loss of situation percent of accidents recorded and some recent changes in



VrAMNLflreN, etlqipment, and trtaining intr.,.duccd a noced lor listead of dealing with a .,pecific ishal.Ap, pIp,:r 57 itp• J
a .sirvev of cur rent disorientation problems. A high tr- four cases of disoriclitation problcm. which were
splnse rate (79 icrcent) wits obtained to a questionnaire oin gated using the Pensacola Vestihular 'rest iattery. I •Jt,
di,-ienlatioti episodes. Twenty-four percent of aircrew of the airciew wcre referred for severe in-flight d04OWi4!
rclorted at leas•t one severe incident of disorientation during totion problems, the last being a survivor of a Itic4ij:
their flying career and 6 percent had such a problem in thl• ciash. With one exception, all pilot% were found ci.,flkmXl
4-•n•nth pcriod preceding the survey, A review of different normal, but demonstrated on further testing, some j0fi, .
faictors snch as instrument flying, w(•.dtther, and night flying, tual anomalies in attitude perception. Among several rC.L
showed that thii last condition contributed to an Increase in omrnendations, the author stressed the need for a tbohr nui'
,;vcritv ,�al incidence of episodes. NVGs were involved in screening of flight applicants, the use of specific spati:'! ori
44 perceti of the cases where both crew had been dis- entation testing, and building of a normative and p.tk,
oriented. Disorientation appears to be a major concern, re- logical response database. A predictive model, f perceptlial
quiting improvement in equipment and of information dis- response to acceleration stimuli also would be helpful For
played to the crew, and an increased awareness of problems elucidating mishap causes and for designing improved man-
rellated to NVGs, FUR, and human factors considerations machine interfaces to prevent spatial orientation," It tI
;n flight safety. interesting that both papers .4xplicitly support the view of a

dual aspect of spatial orientation, sensorimotor and re-
In sharp contrast to the preceding papers, paper 34 dealt presenrtational/perceotual as being part of a common pro-
essentially with cogýntive factors involved in accidents. cess which cannot easily be disassociated and have to be
Mainly based on the expertise of a cognitive psychology taken into account as a whole.
team. the data prcsented claimed that 87 percent of human
factors mishaps over the past decade were of cognitive An experimental simulator study concerning the effects of
origin. Medical causes accounted for 6.5 percent, while phy- medium blood alcohol levels (up to 0.8 percent) on heli-
siological problems were present in only 2.5 percent of the copter pilot performance was presented in paper 35. Pilots

cases. In an attempt to justify their findings, the authors re- were tested on a 2.5-hour simulated IFR flight with and
ferred mainly ;o a homemade and quite restrictive definition without alcoholic intoxication. Performance data recorded
of spatial disorientation and sensory illusions which, as a during the flight were compared for the two conditions.
matter of fact, is highly questionable. Ho*ever the "in Major errors in radio communications, navigation, and heli-
depth- analysis of the events recorded during the accident copter control were recorded for intoxicated pilots, but

sequences lead to a very interesting, but theoretical descrip- those with an extensive experience were less prone to such
tion of human error mechanisms found as the cause of the errors than less experienced pilots. Nevertheless, the crews
mishaps. A "cognitively oriented" database has been devel- never failed to correctly execute emergency procedures even
oped to help improve understanding of the role of cognitive when under the influence of alcohol.
factors in flight safety.

Interestingly enough the tneta analysis based on these differ- Session VI was devoted to the epidemiology of rotary-wing
ent papers, especially on fixed-wing accidents, shows quite accident& Four of the papers focused on ditchings. In re-
clearly that the field of expertise of the authors is highly cor- cent years, there has been an increased interest in NATO
related with interpretations made on the causes of accidents. services in helicopter ditchings. Efforts have been focused
Flight surgeons found mainly tactical awaren6es problems, primariilyon issues relating to prevention and escape from

physicians and managers stress the role of 'edical aspects a submerged aircraft The first four papers (36,37,38, and

and hierarchy problems, while physiologists regret the lack 39) by Steele-Perkins, Brooks, Giry, and Barker presented
of understanding regarding their discipline and psychologists excellent summaries of the ditching experience in the Royal

promote "all cognitive" issues. This demonstrates clearly Navy, the Canadian Forces, the French Navy, and the U.S.

that investigations should be reviewed by a multidisciplinary Navy. Their findings can be summarized as follows: (1)

team and that a multinational accident database should in- over half of ditchings are due to mechanical failure; (2)

elude a large detailed description of objective material in- over three-quarters of ditchings are survivable; (3) ditchings

stead of more or less biased Interpretations of the facts. uniformly involve rapid inversion and sinking of the heli-
copter resulting in most deaths being attributed to drowning;

Papers 33 and 57 addressed several cases where disorien. (4) escape and survival training, particularly using dynamic

tation problems were quite obvious and which were sub- training devices, vastly improves occupant survival; (5)

jected to detailed investigations. A typical take-of accident underwater lighting systems and portable emergency breath-

involving a modern jet fighter is described in paper 33. The ing devices improve survivability. Steele-Perkins also noted

analysis of the flight parameters shows a quasimechanlcal that most deaths occurred in disorientation mishaps where

relationship between otolithic inputs (calculated from Z- the water entry was uncontrolled. The Royal Navy is devel-

and X-axis acceleration data) and stick Inputs before the oping peripheral vision displays and height warning displays

pilot became severely disoriented and crashed ot' the run- to help prevent pilot disorientation over water. -

way. Visual cognitive information of attitude presented in
the FlUD had apparentlvy not been used, the pilot behaving The papers by Shanain (number 40) and McEntire (num-

as if using a pure sens or mode Instead of a represent- ber 42) discussed more general aspects of helicopter crash

ational mode of spatial orientation. A correct understand- survvability, Shanahan reviewed the 12-year crash exper-

ing of the interfacing processes between the different modal- ience of the U.S. Army Black Hawk, the first helicopter de-

ities of spatial orientation then could constitute a key Isue signed to modem crashworthiness standards. This heli-

for the defelopment of visualization and other devices atm. copter •has consistently provided occupant protection in

Ing to alleviate disorientation problems, espedally in helmet crashes'with vertical velocities up to 60 ft/s, This per-

mounted systes.fmae d nctly proves the validity of the crashworthiness
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h,: ',Cn~d data ih•)wing that dtc e~in• ,¢.',; ot•. Winterfeld (paper 4, r.t',ýted a .yro f the

. r' { e,' axed 1, Itelicopter.• s IDo! pirding api~rx.q) : A(;ARD Propulsihon ::d aerga Panel srnptniioIe,;'', d oll crash condition. poid h ing documenla d =o airc:aft ftire safety it; o-dvr to stnimlatte excn~mge het;'.,.,:
-.'W.. m C ni : : ,h:. ¢t1ctensions oft up to .5 cm have o,, the PEP and the AMP. If,, sogge.led that fire harden:-m ',.

I,'o tOiw, wel locked. Thiis -itwatioin has resulked4 in auicraft had incrtased considerably 'sirvival t bwnt'•., hia :

.w ,,-. !i., lie suggest% that a new pecrfori m:c thc prospects for ;!dditiodal ii•ptovcfnent in this area
S 0'" , ir:d:d is needed that addresses all potential heli- nrot encouraging. lt expv•-•s that future progresn wilt ti

.,.oar ca.sh cnvirolments and that considers the lower on- achieved through systems designed to protect Occupanl4
-:' and peak accelerations experienced in helicopters from the consequences of fire, Tiamely heat and toxic fume,•

c'itnip.d with eerp attenualinw landing gear and crew Development of these systems will require the participatiohr
of medibal and other human factors experts as well as engi-
neers. Therefore, he stressed the need for additional co.-

Kirkpatrick (paper 29) discussed the results of a study inves- operative research and development.
tigating task errors and associated problem areas causing
U.S. Army rotary-wing accidents over the period 1984 to Kerguelen presented a paper (number 47) addressing toxic

190L, The most frequently identified task errors, encone- fumes released during cabin fires and the effects a decrease

pas:.itig over 50 percent of errors, were improper decision, in atmospheric pressure may have on the toxicity of the

imprope= attention and inadequate communication. The fumres. Realistic fire conditions were duplicated in the labo-

most frequently identified problem areas were inadequate atory and thermolysis products of six materials commonly

c-crw coordination and improper scanning. The U.S. Army ised in cabins were analyzed. To evaluate the toxicity of

Safers Center has initiated corrective measures intended to the released fumes, the mouse was used as the animal ino-

reduce the occurrence of the identified errors. del. The study showed that lowering atmospheric pressure
to 700 from 1000 hPa slightly altered the chemistry of the

Session VII thermolysis, but significantly increased the toxicity of the

Session V`lI included three papers addressing different as- generated gas mixture in which carbon monoxide and hydro-

pects of rotary-wing accident and injury prevention. Licina gen cyanide were predominant. The authors offered con-

(paper 43) presented a paper describing the U.S. Army Avi- vincing explanation, supported by the literature, which relate
Ioion Life Support Equipment Retrieval Program. In this the blood concentration of toxins to partial pressure of the

program life support equipment is retrieved from crashes oxygen in the inhaled air. The study demonstrated the r;eed

a1nd personal injury data are correlated with the item of to account for pressure in evaluating toxic gases released

1.xLSE, the crash dynamics and documented aircraft struc- during thermolysis. However, the produced data have no-

tural da.mage. These data are entered into a database that been used to establish or recommend new standards for fire

is used to identify design deficiencies and to substantiate the testing of materials used in aircraft cabins.

need for system improvements. The program has had re-
markable success it, improving ALSE and in providing the Powitz (paper 48) discussed techniques employed by the

basis for new design criteria over the two decades of its exis- Aviation Pathology Group at the GAF Institute of Aviation

tence. Similar programs in other services would serve to Medicine for performing toxicological analyses of patho-

strengthen the database. logical specimens recovered from aircraft accidents. He
stresses using caution in making a determination of "smoke

,Aem (paper 44) discussed the results of preliminary work in the cockpitC based on detecting pyrolysis products by gas

directed toward establishing the efficacy of the concept of chromatography. Inhalation of kerosene and fasting blood

employing airbag restraint systems in attack helicopters to produce similar patterns. Likewise, he notes that tissue im-

prevent serious head and upper torso injuries due to striking mersed in sea water can absorb bromine and this process

the gunsight. Using mockup front cockpits of the Apache must be distinguished from premortem use of bromine con-

and Cobra helicopters mounted on a horizontal sled accel- taining drugs. He also provided evidence that current gas

erator and a modified Hybrid III manikin, the researchers chromatographic methods of detecting alcohol in biological

noted markedly reduced indices of injury when standard specimens may produce falsely elevated values due to bacte-

automotive airbag systems were mounted to dhe gunsights. rial putrefaction occurring during the analytical process.

Based on this preliminary work, more detailed design con-
cepts are being explored with the goal of using a 3-bag air- The final paper of the session, presented by Mayr (number

bag system in the new Comanche helicopter. 49), reviewed the 27-year history of the Aerospace Pathol-
ogy and Toxicology Department of the GAF Institute of
Aviation Medicine. fie also detailed the current organi-

In the final paper of the session, Shtwly (number 45) dis- zation of the department and described its methods and
cussed efforts at NASA-Ames Research Center to develop duties.
a preflight risk assessment system (SAFE) for use by oper-
ators of emergency medical service helicopters. Initial tests Session IX
have shown poor correlation of SAFE to pilot perceived risk Session IX focused on the role of pathological and histo-
and workload, but the authors are optimistic that efforts to logical examinations in aircraft accident investigation. In
refine the system will improve its validity. They maintain the first paper (number 50), Kramer stressed the importance
that by incorporating more data sources and with the pro- of histological examination in the determination of accident
liferation of personal computers that this or similar systems causation. He notes that macroscopic postmortem finding
will become an important aid to aviation saflty. are relevant to determining injury cause factors, but they are
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lhe final paper in this session wa prescrnted by Myhre of
Norway (number 58) and addreusd the isuf of whether fc-

I 11t last two papers of the session discussed patterns of in. males on modern flight decks were dfferent from mald- crew
turv thund in aircraft accidents. Paxinos (paper 52) re- members in ways that required addressing in flight deck or
vi••ed injuries sustained in crashes in the Hellenic Air cockpit resource management programs Although this
I trce (luring the years 1974-1990. Garcia Alcon (paper 53) paper had nothing to do with acciderit investigation, it made
ptr,:-nted an epidemiologicsl study of ejections ;n the Span- some points that were related to safety. Perhaps the main
ish Air Force over a 5-year period. During the study period, one was that the paper highlighted studies that indicate that
there were 20 ejections with three fatalities. From an analy- men and women communicate in rather different ways, with
sis of these ejections he reemphasized the importace of ,aomen lending to send rather less "direct messages than the
correct sitting posture and initiation within the prescribed men, who are more "matter of factC in their interactions.
safe. ejection envelope. To Improve both factors, he stressed The impact of this and other sex differences are discussed
the importance of training in ejection simulators and in in this most speculative paper, but because of thi% specu-
parachute landings, Hle also noted the importance from a lative approach, little by way of firm coinclusion w:s
lpychological standpoint of returning pilots to duty as reached.
rapidly as possible afte, an ejection-.

Session Xl.
Session X Tarriere (paper 59) investigated individual stres. suscepti...
This session comprised only four papers, and three of these, bility in regard to accident avoiding behavior in cars One "
presented by Rejman and Symonds, emanated from the Hu- hundred subjects were tested at a car track test facility after
man Factors Unit of the UK's Army Air Corps. In the first being screened for stress reactivity. Physiological data were
p'aper, Rejman (number 54) pursued the thesis that most ac- recorded during the testw~which consisted of a collision
ident research is "reactive* in looking back at the events of avoidance task using staniidard and ABS brakes. Physio-

an accident, but that flight safety research should be much logical and psychological tests were found to be correlated
inurie 'proactive" if it is to have any effect on accident pre- with success In performing the manoeuver, though some
vsetion. Thus he has tried to identify those sources of data concerns were raised in the audience about the effect of an
existing within his own organization that may act as indi- unbalanced experimental design, especially in regard of ABS
cators of risk and thus enable 'proactive intervention.* efficacy. The reliability of the physiological measurements

also was questioned.
Although the basic idea here is similar to that put forward
by Rameckers in the opening session (paper 5), the ap. Of more interest, paper 62 dealt with a system using physio-
proach was rather different. In the Rejman paper, organi- logical indexes to detect vigilance impairment in automotive
zational aspects of safety are addressed, and an attempt drivers based on real time analysis of steering wheel move-
made to define, if not quantify, the "organizational ethos,* meats. During the design and proof of concept phase, the
but most of the study concentrates on generating a coherent level of vigilance was evaluated using EEG and EOG assoc-
database of selection, training, and operational assessment iated with a video analysis of driver behavior. Some prelim-
data. It already has been possible to identify critical types inary rdsults showed that early detection of hypovigilance
of training assessment pattern that may be useful. episodes Is improved significantly through the analysis of

EOG recordings. Such a physiological reference should be
The paper presented by Symonds (number 56) on prediction helpful in evaluating the results from the steering wheel
of success from training data appeared to pursue the same movements analysis.
approach to the analysis of training data ans that referred to
above, but used the data in order to attempt to predict over- Paper 61 also addressed the interest of some physiological
all success in flying training. Although the techniques de- measures in regard to safety problems during vehicle pilot-
scribed probably represent some advance in the way in Ing tasks. The power spectrum of heart rate showed a sensi-
which training data can be analyzed, and the *error rating tivity to mental effort, particularly in the frequency range
profiles" that are produced by the analysis may be used in 0.02 to 0.05 Htz. This effect was demonstrated during
screening for ptentia' safety risks, the main thrust of this speech recognition tests at rest versus real situations in train
paper was in the direction of predicting flying training suc- engineers and pilots, though not systematically present dur-
cess rather than future hazard-though these factors may ing tasks requiring Increased attention. Tlere was no car-
wcll be related, relation with task difficulty or operator performance, but

sonic with the mental effort realized by the subjcct. This
hlic second paper presented by Rejiran (paper 55) took a method should be useful to evaluate the activation of the

traditional human factors approach to a review of recent adrenergic system and subject involvement in the task.
British Army Air Corps accidents, but was interesting In at-
tempting to categorize the same set of accidents in terms of Ile paper by Heron (number 160) did not describe any com-
three different categorization systems or taxonomies. The pleted work, but described how a Canadian group is hoping
comments in the Rejman paper an the relative utilities of to use a basic aircraft simulatrr to train pilots in handling
the '.ystems he used, and the difficulties that be encountered emergencies. During the training, they will be monitored in
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Human Factors in Aircraft Accident Investigation

Roger Green
Assistant Director (Operator Performance)
Army Personnel Research Establishment
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1 am delighted to deliver the opening lecture to this and accident investigators to err. The first is one of the
meeting and I recognize what a privilege it is to do so. most important psychological causes of human error
This is especially true given the level of expertise and accidents, and is the family of effects sometimes
experience that is so obvious in both the audience and referred to as 'hypothesis locking' or 'confirmation
speakers. I also feel extremely pleased that although bias'. For the non-psychologist, I should briefly
this meeting is about trends in aerospace medical explain that these effects concern the tendency that
investigation techniques, it is a psychologist and not a people have to be reluctant to change their mind - even
doctor delivering this opening lecture. when they really should - and I would like to give a

couple of examples.
I might just observe here that I feel that it is absolutely
right that the disciplines concerned with the human The first occurred to a British Airways 747 in the early
factor in aviation should come together at meetings 1970s. The aircraft was approaching Nairobi and had
such as this. The only difficulty that I see is what to been given an intermediate descent clearance in which
call the aggregation of physiologists, physicians, the controller told the aircraft that it had been cleared
psychologists, ergonomists, anthropometrists, and even down to 'seven - five - zero - zero'. The 'seven' was
sociologists who may have a contribution to make. I not heard by the crew, and the stimulus detected by
think that since all of these disciplines are concerned them must, therefore, have been 'five - zero - zero'.
with the 'human factor' in aviation, it makes sense to The first officer read back the clearance as 'Cleared to
call all of them 'human factor' pursuits of one sort or five thousand', but the air traffic controller failed to
another, and not to reserve this term for applied notice the error. Both the first officer and the captain
psychology or ergonomics as sometimes happens. had taken the incomplete information that they had

received and massaged it a little, quite unconsciously,
I am not suggesting that the practitioners in these in order to convert the stimulus into a plausible, albeit
disciplines should lose their individual skills or group inaccurate, percept.
identities, and I certainly would not wish to suggest
that they can do each other's jobs, but I do hope that More interesting was what happened next, however.
they will all realize the part they have to play, The glide slope pointer disappeared off the top of the
interacting with one another, in the overall human attitude indicator, a glide slope warning flag appeared,
factors picture. I think that I am probably pushing at an and the aircraft broke cloud at an extremely low
open door in canvassing such views at this conference. altitude. Despite all of these cues the captain continued
The ICAO and ECAC syllabuses in human factors for to descend, having dismissed the information that did
pilots already take this integrated, multi-disciplinary not fit his mental model as either instrument failure or
view of the subject area of 'human factors', and I am visual illusion. It appears that once this captain had
sure that this integration of approach will become generated a mental model with which he was happy, he
increasingly prevalent in future, was not to be shifted from it.

Because I am a psychologist and not a doctor, The second example of 'hypothesis locking' that I
however, I will not attempt to review the role of the would like you to consider occurred on board the
physician in accident investigation, but I will try to British Midland 737 that crashed at Kegworth, in the
identify some problem areas that I see for UK, just over three years ago. The left engine of this
psychologists, in the hope that some, perhaps all, of aircraft began to fail as it reached about 30,000ft,
the factors I address will have a broader significance in producing a smell of burning and a shuddering on the
the human factors coummunity. flight deck. The first officer suggested that there was a

fire, and the captain said 'Which one [engiej is it
I would like to begin by discussing briefly two very though?'. The first officer gave his attention to the
basic psychological effects that can cause both pilots engine instruments and said 'It's the le.. - It's the
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right one.' An inaccurate mental model had been backgrounds that I do appreciate that not all will be, or
generated, and was confirmed for the crew when, on will wish to be, familiar with any social psychology -
Sthrottling back the right engine, the shuddering but to suggest that accident investigators as groups or

Scoincidentally stopped. There was evidence available to individuals may fall into the same traps.

this crew from the engine instruments, especially the
engine vibration gauges, that the left engine was Accidents generally present the investigator with a
continuing to be faulty. They could also have asked the number of cues or information points that represent
cabin crew whether they had seen anything. Had they only a subset of the total required completely to define a
done so, they would have learned that flashes of the events of the incident. Sometimes this may be a
glowing debris had been seen leaving the left engine. fairly informative subset, if, for example, there is a
The crew, however, did not check their situational surviving crew, cockpit voice recording, flight data
model by seeking to disprove it (it could be argued that recording, and good witnesses, but sometimes the
they had never been trained to do so), and the aircraft available information can be very thin indeed. In any
was finally lost when, on final approach, the captain event, the investigator's job is to sift the data, to make
demanded power from the failing left engine, only for patterns from it, and to generate a coherent model that
it to die completely. pulls together as much of the data together as possible -

if not all of it. We should beware of 'confirmation
The second effect, or set of effects, that I would like to bias', however. It can be awkward when a piece of
mention concerns the social factors that influence crew information comes along, after we have generated our
behaviour on flight decks, and the example that I accident model (or made up our minds), that does not
would like to use comes from the database of the UK fit, so it is very tempting to dismiss the new evidence
Confidential Human Factors Incident Reporting as in some way unreliable or flawed.
Programme (CHIRP). In this incident, a commercial jet
containing a three man crew had already been forced to Worse, we may have generated an accident model with
overshoot its destination runway twice because of bad which we are content, but which is not supported by
weather. The crew took the aircraft into a hold in order enough evidence. At this point, of course, more
to plan their diversion when they heard that another evidence must be sought to support the model, but it is
aircraft had just landed at their desired destination. equally important, though more rarely done, to seek
Their company rules were clear - they must divert - but out any evidence that might undermine the model.
the suggestion was made by one crew member that they Paradoxically, it is only by seeking assiduously to
should have another attempt at landing, but this time disprove our ideas and by failing to do so that we can
reducing their decision height (illegally) by 50ft. This ever have any real confidence in them. Many of those
was rejected by the other crew members, but they involved in accident investigation will be familiar with
managed to agree to another suggestion that the aircraft the truth of this notion, but may find it much more
should be flown down to its decision height, flown difficult to put the principle into practice.
level at this height until runway lights were seen, then
the approach resumed. It seems to me that there may also be a danger of

'confirmation bias' and the social effects outlined

Those familiar with flying will identify a disaster above influencing conferences such as this. The
waiting to happen here, and those familiar with a little temptation at a meeting is to reinforce one another's
social psychology will see the effects of both 'risky common beliefs. This is particularly obvious at
shift' (groups tend to make more polarized decisions political party conferences. Nobody attends one of
than individuals), and 'compliance' (people will these in order to learn anything or to have his views or
generally be more likely to agree to an unreasonable practices subjected to critical question. They are
suggestion if it has been preceded by an even more meetings of the faithful, held only in order to
unreasonable one) at work. To complete the narration reinforce, by the laws of social mass action, the
of the incident I should mention that the crew members strength of belief of the individual participants. But
carried out their plan but, not having seen the runway this should be no way for a scientific meeting. I
threshold lights, landed an unknown distance down ti.- suggest that the atmosphere should be questioning, and
runway and carried out a maximum performance stop. the questions should be about whether there are ways
The pilot filing the report commented that after of progressing in accident investigation that have not
stopping, silence filled the cockpit as the crew been properly considered, whether there are ways of
members realized that they had all been party to an act flying being introduced that have changed the types of
of 'supreme folly'. errors that people make, and whether there are

alternative ways of considering the nature of human
My reason for beginning with these examples of a pair error that might lead to different insights into the
of well known psychological effects is not to attempt to problem and its solutions.
inform the reader about them - though the participants
in this conference come from a sufficiently wide met of

td
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None of this is to suggest that we have been wrong in not have a clear idea of what constituted external
the ways that human error has been tackled in the past, reality.
but flying is changing, most notably in terms of the
way the flight deck has become automated. It is Clearly, it is up to accident investigators not just to
important for the accident investigator to be familiar comment on or to explain the circumstances of
with the ways in which the relationship between the individual accidents, but to put together information
pilot and his aircraft may be influenced by this from as many accidents and incidents as possible in
technological change. order to extract general principles, and nowhere is this

called for more at the moment than in the area of
Some of the changes wrought by automation in the automation.
cockpit (and the errors that accompany these changes)
may be trivial, and identical to the changes and errors I must mention one other problem area, however, and
occurring in other situations. When I first used a word that concerns how deeply to probe and where to stop
processor, I saved a file by the name of an already investigating. If a display appears poorly designed, the
existent file and, to my real annoyance, lost it investigator will obviously comment on it. Is it,
completely. When I was recently in North America however, the investigator's job to discover why the
there was an item on the news that a 'flunkey' person who did the test flying on the aircraft felt that
(computer operator) in a leading stockbrokers tried to the display was acceptable? Should he discover what
sell $11,000,000 of shares for a client but keyed the evaluation the manufacturer carried out on the display?
wrong instruction and instead sold 11,000,000 shares Is it the concern of the investigator to analyze and to
worth about $500,000,000. This was sufficient to evaluate the safety 'culture' that exists in the
trigger the automated share dealing facilities of other organization that permitted the display to become
stockbrokers, and for the Dow Jones Index to drop operational? In the A320 involved in the accident
notably before the error had been discovered - but described above, there was no GPWS (ground
nobody was hurt. In the recent A320 Strasbourg proximity warning system) fitted to the aircraft. Is it
accident, however, a pilot intended to enter a demand the task of the investigator simply to observe this, or is
for a 3.7 degree glide slope into the aircraft's flight it his job to identify why the company and regulatory
management system, but instead entered a demand for a authority came to permit the absence of a device that
3,700 feet per minute rate of descent. The aircraft many would regard as an indispensable item of aircraft
crashed with considerable loss of life. safety equipment?

All of these errors are the same, of course, only the Issues such as these are increasingly becoming of
consequences differed, and it might be argued that they concern to accident investigators as the focus for
could have happened just as easily on non-automated investigations spreads from the individual in the
equipment. It may be, though, that the automated flight cockpit to the entire system that results in a given pilot
deck does change the nature of the pilot's relationship flying a given aircraft an a given day.
with his machine in special ways. Putting a computer
between the pilot's instruments and the environment There are, however, real problems with this extension
has distanced the pilot from the real world, so that the of the investigation, and I would like to highlight three
cockpit displays, instead of being useful hints and tips of them here. The first is that the organization which
that enable the pilot to create a mental model of reality, accepts philosophically that one of its individual pilots
have now become that reality. The pilot no longer has has made an explainable error may be less sanguine
to work at generating a world model containing real about accepting that its own management, structure,
poor weather and real mountains, he simply has to and attitudes are partly responsible for the accident.
follow the magenta line: the display has become his Furthermore, the power of organizations is such that it
world. The system may have become so complex that may require a much more determined and resolute
the pilot cannot hope to understand how it works in the investigator to be as bold about identifying faults and
same way that he could understand how an old shortcomings in an organization (especially if it is the
fashioned altimeter works, and so has no alternative organization that employs him) as he may be about
but to believe what the screen says. identifying the errors of the individual.

If this is true it will be impossible for the pilot to The second problem is related to the issue of 'blame'.
question his model of the real world since he no longer There has always been a conflict between the
has one. It could be argued that this effect underlies requirements of the accident investigator and those of
many of the accidents that have already happened in the disciplinary authority. For example, it is desirable
automated aircraft: crews believed that their situations for the investigator to obtain a statement from, say, the
were safe because they trusted - perhaps overtrusted - pilot involved in an accident as quickly as possible in
the aircraft, the displays seemed normal, and they did order to obtain the best available raw recollections,

minimally tainted by the inevitable post accident
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rationalization. No lawyer, however, would permit a aircraft accident investigator may require a degree in
client to give evidence that may be held against him business administration, but this may be what is called
without the deepest possible consideration. Normally for.
the investigator has claimed to be concerned only to
analyze the facts and to come up with as objective a Thus whereas our expertise in the invcstigation of
conclusion as possible, and to be unhappy to become mechanical, medical, and psychological aspects of
embroiled in issues of negligence, culpability, or accidents has reached a degree of maturity, the same
distribution of blame. If the -rganization is to be cannot be claimed for organizational aspects. Indeed
investigated, however, the question of the allocation of we know rather little of the influence of organizational
responsibility may well be more difficult to avoid, factors on system failure and, given the sensitivity of
especially since the legal and financial sequelae of organizations to self evaluation, this is possibly the
being identified as falling short of ideal performance most challenging field for the future.
may be very considerable for an organization and its
management. To sum up, I have argued that although there is a

natural tendency for people to ling to what they
The third problem concerns the skills and training of understand and to seek reassurance from the world that
accident investigators. The importance of physiological their established ways are right, accident investigators
factors in aircraft accident causation and analysis has of all people must recognize the importance and
long been recognized by the occasional use of medical necessity of change and of questioning conventional
officers on accident boards. This has given way to a wisdoms. This applies not only to the way in which
more formal involvement of such doctors, with the they might address the investigation of an individual
disciplines of investigatory medicine and pathology in accident, but to the ways in which they view the whole
aviation becoming increasingly specialized. The topic area. They must be ready to understand the
importance of behavioural factors in accidents has been changing nature of the pilot's task, and ready to change
recognized increasingly during at least the last twenty their own methods and ideas in order to keep pace.
years by the inclusion of psychologists on accident
boards, and it is notable that the Australian Bureau of I have resisted, so far at least, any use of statistics to
Air Safety is now headed by a psychologist. emphasise the importance of the human factor in

aircraft accidents. I would like to close, however, by
Who, though, is to investigate the organization, and observing that although medicine and psychology have
should this be regarded as a human factors issue? The been associated with accident investigation for a
psychologists presently involved in accident considerable period, and although many important,
investigation are drawn from a dominantly though arguably small, changes have taken place in
experimental or cognitive background and may well training, euipment, and procedures as a result of this
not possess the knowledge of management psychology involvement, we have still not made the major impact
needed to make an informed analysis of the factors required to reduce dramatically the accident rate
within the organization that may have set the scene for attributable to the human factor. This must be the goal,
the accident. Perhaps those presently involved in the and we should not shrink from taking the bold
psychological and medical investigation should be in initiatives, both in terms of our own thinking and in
the vanguard of those recognizing that new skills may terms of pressing for adequate staff and resources, that
be required and they should, perhaps, set about will be required to achieve it.
acquiring them. It may seem strange to many that an
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SUMMARY INTRODUCTION

Historically, flight safety began as a Over the years, man has appeared more and
technical consideration. Once the air- more to be a limiting factor in flight
craft was ready to be used as a tool, the operations.
flight safety work expanded to become an
operational issue. The concept of flight safety was actually

created at the same moment as the idea of
Today, the reality is that two-thirds of flying was conceived It was basically a
accidents and incidents are related to survival concept, which in a historical
Hwnan Factors. The concept of Human Fac- perspective was originally a technical
tors is hard to define, identify or question. Over the years, the concept of
verify and the definitions of the concept flight safety took on an operational
are as many as its advocates. dimension.

The Human Factor investigator belongs as Achieving tactical solutions with as little
naturally to the Investigation Board as inherent risk as possible, but without
does the technical investigator. In the reducing effectivity, became the decisive
past, all findings not attributable to factors in flight safety work.
causes in accidents were called pilot
error. This may be true if you only look Through experience, mistakes made in the
at the situational causes, but the air, incidents and accidents, rules and
responsibility for the underlying causes regulations for their prevention were and
may lie elsewhere. The question of Human are established. Operational flight safety
Factor concerns not only the pilot him- measures were taken.
self; he must be seen in the context of
a human being and not only as an operator Accidents arl incidents have decreased
in the cockpit. The environmental factors drastically. It is mainly the technically
are no longer a question of the rela- related accidents which have been overcome.
tionship between man and machine. Today In order to go further in flight safety
the influence of the company/organisation work there is a pronounced awareness of
is a part of the concept of the Human the necessity of focusing on man in the
Factor. The company ha, to give the pilot flight system. Two-thirds of accidents
the best conditions in %hich to succeed and incidents are directly related to
in his mission - then the pilot assumes the Human Fac4 or.
the responsibility.

THE CONCEPT OF THE HUMAN FACTOR
In order to be aware of the complexity
of the Human Factor in defining the root The concept of the Human Factor has as
cause of an accident, to sub-categorise many definitions as it does advocates.
the concept, to be able to analyse and
to see the trends over a period of time, Orictnating from a world of scientific
trained experts are required. notes, research into the integration of

man and machine (ergonomics) was initially
In a small team like an Accident Investi- synonymous with the concept of the Human
gation Board, it is necessary to learn Factor. In the USA this definition is that
how to communicate and very soon it can which is still most widespread.
be seen what strength is gained from the
different ways of approaching problems, Over the years, the concept of the Human
due to the differences in the experts' Factor has, however, achieved a broader
professional backgrounds. Flight safety scope. The human in this respect is not
work should reflect this way of working. synonymous with the individual pilot, but
We all need each other's competence on also includes the conditions he has been
the Accident Investigation Board. Our provided with in order to succeed in his
total findings, including the Human Factor task seen from the outside - from the
findings, must influence the total report, design of the aircraft he is to operate in,
which will form the basis of future flight to central management's responsibility for
safety work. having chosen that particular person to



solve this task (selection), and the way At the end of the 1970's and the beginning
ix, which he is trained for this purpose of the 1980's, however, aviation psycholo-
(training) to whether the staff who are gists were increasingly attached to acci-
in charge of operations are competent to dent investigation boards in the USA,
do their job (management). Australia, Canada, UK, etc. In Sweden

there has been a Human Factor expert
Apart from central management, the local on the Board of Accident Investigation
management also has responsibility for investigating primarily accidents
(leadership) for operations being run in the defence sector since 1982.
under the optimum flight safety condi-
tions, just as the individual, the pilot, THE CRITERIA FOR HUMAN FACTOR ACCIDEN7
the engineer, et-. .ears his responsibi- INVESTIGATION
lity to achieve the requirements and
standards expected of him (individual In order to map out and illuminate the
responsibility), purely technical function, it is possible

to use sophisticated technology to produce
It appears that the concept of the Human data on how the pilot has used the aircraft
Factor is a broad and less easily operationally when an accident occurs.
measured concept which faces certain
difficulties in finding acceptance in an It is much more difficult and most of all
operation harbouring a scientific idea far more sensitive to try to analyse human
of the world. This can be described as and organisational responsibility in this
collision between two world concepts. The context.
fact is that we need both of them. The
accident and incident statistics as much A Human Factor investigator is in many
as anything else express clearly the need ways his own instrument, which is why
for a systematic and structural approach maturity, self-discipline and the ability
to getting at the underlying causes hid- to reach people and be accepted are of
den in the Human Factor concept. prime importance.

NVESTIGATION HISTORY The task of 'undressing" a person or an
organisation can be a delicate balance

The first systematic accident investiga- between showing consideration and respect
tion carried out took place as early as for the individual and endeavouring to
1909. It was the then sensational accident find the truth. This requires that the
as a result of Orville Wright's attempts investigator has the motives and goal
to demonstrate the performance of his clear in his mind, but makes his way
aircraft. The aeroplane crashed and the forward with humility. This should be
passenger Tom Selfridge was fatally in- founded on a confidence which is based
jured (Jensen, 1989). in the world of aviation.

Accident investigations have, and have Besides a solid academic professional
had over the years, a technical profile background, cne needs a good knowledge
on the analogy of the developments within of pilot requirements, knowledge of the
aviation. The accident investigator was educational and operational requirements
drawn by tradition from the operational as well as of the organisational structure.
and technical ranks. Accident causes which
could not be attributed to technical THE ACCIDENT INVESTIATION BOARD IN SWEDEN
reasons were usually labelled pilot error.
A description of what had happened was The structure of the accident investigation
given, but seldom a description of why it board differs considerably from country to
happened. country and from civilian to military

operations. The aims and goals are, however
At the twentieth IATA (International Air the same, .;hich means - to make flying as
Transportation Association) conference in safe as possible.
1975, the view was expressed that "there
is an urgent need for the inclusion of The investigation board in Sweden is an
Human Factor experts in all accidenc inves- independent authority, which covers all
tigation teams" (Hawkins, 1987). IFALPA major accidents and incidents in aviation,
(International Federation of Airline military as well as civilian.
Pilots Association) considered in 1977
"that Human Factor aspects of accident/ The Board employs guite a number of people
incident investigation should be more and its philosophy lies in attaching to
deeply pursued" (Hawkins, 1987). itself, at each individual accident, well-

trained investigators each working within
The shortage of Human Factor experts has their specialist areas and well-established
shown itself to be acute. The growth of in flight operations.
the experts within the Human Factor field
has been limited for obvious reasons, as The president of the board is always a
the aviation industry, as wel. as the legal expert, however he does not sit as
flying establishment in general, has a judge, but balances the respective
previously been unwilling to bring in and experts' investigation results against one
apply knowledge of this kind. another to make a final report.

: .1
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The accident investigation board is president of the board. That the written
constituted at its first meeting documentation should be considered for
immediately in connection with the "official use only" and not available to
occurrence of the accident. The board's the public should be a matter of course.
investigators represent the operational, If not, then the written documentation
technical, medical and Human Factor areas, should be thinned out and smoothed over so
All hold an independent position in the as not to damage the individual.
investigation board but work closely
together. Experts from other fields are The Human Factor investigator's report,
brought in when necessary. as those of the other investigators,

should be seen as pieces of a puzzle,
THE ACCIDENT INVESTIGATION PROCESS where all of the pieces are required to

make up the whole.
All members of the investigation board
are present during the initial questioning All of the responsible investigators,
of the parties involved in the accident. including the Human Factor investigator,
This means that they all receive the same should be involved right from the start
information to work form. of the investigation and should as inde-

pendent investigators, affect the
The next step is for the respective investigation's final report. An accident
investigators to independently take up investigation board thereby becomes a
their own specialist area. By analysing dynamic working team, dependent on the
available documentation and interviews differences in professional backgrounds
the Human Factor investigator has to in the group, which gives it strength.
map out, interpret and assess areas which Within the board everyone has to learn to
affect: communicate and the various areas of

competence are necessary to get closer tothe solution.

The final report, which is written by the
president of the board, is examined by the
responsible investigators at the accident
investigation boards's final meeting. The
final report is signed by the president
of the board and is then an open document.

CONCLUSION

An accident can be seen as the most extreme
W .mno rform of failure in flight safety work. It
d is the most dearly-bought experience for

flight safety work. In order to be able
to take safety measures, thoroughly worked
out investigation reports are needed, where
the Human Factor investigator makes it
possible to go a step further, to analyse

Opentionalthmhold the underlying factors. As man is evidently
Oprtionalexpedee the weakest link in the system, the human

mental conditions and the human management
CAPR0 Vof the critical situation should be brought
[ u orto light and analysed in order to add them

M to the experience bank.

The Human Factor investigator should,
therefore, be as natural a member of the
accident investigation board as the
technical investigator, on all such boards

During the course of the investigation a throughout the world.
number of meetings of all the investi-
gators take place, to compare notes, References
exchange information and discuss the
future direction of the investigation. HAWKINS, F.H (1987) HUMAN FACTORS IN FLIGHT

Aldershot, England
In the final stage of the investigation Gower Technical Press
the respective investigators responsible
present their fact finding and their JENSEN, R.S (1989) AVIATION PSYCHOLOGY
analysis so that they can, after discus- Aldershot, USA
sions and joint analysis, reach the most Gower Technical Press
credible course of events and underlying
causal factors.

The handling of the Human Factor investi-
gator's documentation may still vary in
Sweden, depending on the wishes of the
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A METHOD FOR INVESTIGATING HUMAN FACTOR ASPECTS OF MILITARY AIRCRAFT ACCIDENTS

Richard A. Levy, M.D., M.P.H.
Life Sciences Directorate
Air Force Safety Agency

Norton Air Force Base, California 92409-7001

USA

For most of us the term "human factor" detailed analysis of the accident, the
denotes the relationship between the construction of a formal report, and the
aviator, the aircraft and the environ- presentation of this report to senior
ment. This covers a very large and commanders (general officers) and the Air
complex interrelated panorama of factors, Force Safety Agency. The Director of Air
to include as an example, personal Force Safety (a general officer assigned
stress, training, physiology, aircraft to the Headquarters staff of the Air
flight characteristics, judgement and Force Chief of Staff) reviews the safety
decision making, experience, nutrition, investigation board's report and anal-
fatigue, motivation. There are many other ysis, the analysis of the Air Force
factors we will discuss further along. Safety Agency, and then concurs, adds or

modifies recommendations for the
A major concern in assessing the signi- correction of those problems leading to
ficance of any particular human factor, or causing the accident.
or combination of factors, is the method
employed in the collection of the raw The human factors aspect of the accident
data and subsequent analysis. I will investigation is the responsibility of
first describe the method of investiga- the flight surgeon assigned to the
tion and analysis employed by the US Air permanent safety investigation board. He
Force, then discuss the problems inherent is usually assigned from a unit other
in this approach, and finally I will than his own (to prevent conflict of
propose a joint, NATO human factors air- interest or confusion of loyalty), and
craft accident investigation methodology his unit usually flies the type of
and program, aircraft involved in the accident under

investigation. U.S. flight surgeons are
The US Air Force approach to aircraft required to fly at least four hours every
accident investigation has changed little month in aircraft flown by the aircrews
over the last several years. Immediately they provide medical care. Hence, the
following an aircraft accident an investigating flight surgeon is familiar
interim or temporary safety investigation with the mission, environment, and
board is appointed, and usually functions peculiar characteristics of the aircraft.
for the next three days. The accident He has deployed with his unit during
investigation experience of the members exercises, experienced G forces in
of this interim board varies widely but simulated combat, observed the effects of
at least one member of the team has com- fatigue, dehydration and family separa-
pleted a formal academic and laboratory tion, personally suffered motion sickness
course of aircraft accident investigation and spatial disorientation. He has been
which they may or may not have applied to exposed to a variety of human factors
a previous accident. This interim group that contribute to accidents during the
of investigators searches for, collects course of his routine work. During the
and preserves aircraft and aviator flight surgeon training course, he has
remains, examines and interviews aircrew received twenty hours of academic
and witnesses, and assembles relevant instruction in the investigation,
data for presentation to the permanent analysis and prevention of aircraft
accident investigation board, properly accidents. The interval between the
called the "safety investigation board." completion of this training program and
A separate "accident investigation board" serving as the medical member of a safety
or "collateral" board is convened to investigation board varies from three
assess fault. The mission of the "safety months to several years. Very few of our
investigation board" is to determine how human factor investigators have investi-
future aircraft accidents can be pre- gated more than one accident during their
vented based on their analysis of the Air Force career.
accident under investigation. The
"collateral" board usually begins its The permanent safety investigation board
investigation after the safety investi- flight surgeon will usually go to the
gation board has completed its business accident site and obtain a direct visual
and maintains an "arms-length" relat- impression of the results of the crash
ionship with the "safety investigation and become familiar with the terrain. He
board." The two processes are carefully will often do this at altitude in a
separated and aircrew interviewed by the helicopter as well as on the ground. At
"safety investigation board" clearly remote accident sites the board may
understand the board's mission of pre- bivouac in tents or stay in nearby motels
vention. The accident investigation if available, eventually convening to a
continues over the course of approxi- nearby Air Force base or the base from
mately twenty days, followed by a which the accident aircraft originated.
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Let us remember that the human factor "channelized attention" and others such
investigator is the flight surgeon. This as spatial disorientation. We assume
individual consults with his fellow board that this condition occurs as a result of
members, most of whom are rated aircrew, the pilot's primary motivation to kill
and with any authority he chooses, his opponent or drop his bomb on target
Typically, the board flight surgeon will and that he has suffered a major defect
call the safety agency to discuss his of judgement in not realizing the
observations and speculations; experi- importance of his survival. But we do
enced personnel will provide him with not really understand why an aviator can
technical information, referral to other fly hundreds or thousands of hours safely
authorities and guidance in the further and then on one fatal occasion, repeating
conduct of the investigation. The human a maneuver he has often accomplished
factors investigator will also call the successfully and safely, fails to
School of Aerospace Medicine at Brooks maintain the situational awareness
AFB in San Antonio and talk with indi- necessary for survival. We may say he
viduals conducting research into accel- was distracted by radio calls, or he did
eration effects, spatial disorientation, not sleep well the previous night or that
work/rest cycles and fatigue, heat he had a fight with his wife and his con-
stress, psychological stress (career, centration in the cockpit was degraded.
personal, familial), and vision, and he This pilot and many others have been
may call the Armstrong Laboratory at exposed to these and other human factors
Wright Patterson AFB in Ohio to discuss and have not suffered an accident. Why
other issues. Following his various this time? We often speculate but how
consultations and approximately twenty often do we really know? The myriad of
days of investigation, the human factors human factors included in the 71lgA pro-
investigator, the flight surgeon, tocol, and most importantly, the corre-
completes a human factors protocol. I lation matrix, is an attempt to capture
have presented an outline of this inves- data that with appropriate analysis may
tigator's background and his method of give us a more complete understanding of
inquiry to emphasize the fact that the the fatal mix of human factors, or a
validity of human factors data obtained signature profile, that we can provide to
depends on the experience and knowledge commanders, supervisors, instructors and
of the investigator. The validity of any safety professionals.
conclusions we draw from these investi-
gations depends on the quality of that Parallel with the use of the 711gA pro-
data. tocol by human factors investigators, the

United States Air Force is developing a
The protocol used by the human factors highly complex data encoding and analysis
investigator is the revised Air Force program, the "Aircraft Mishap Prevention"
Form 711gA which you will find in your (AMP) program. AMP will provide statis-
documents package. This form has been in tical analysis capability for correlation
use since September of 1989 and is and regression analyses and the develop-
currently undergoing a second revision ment of an aircraft accident human
and a conversion to diskette format. This factors signature profile. AMP consists
protocol then will be totally in computer of two IBM RISC 6000S, several 386 work-
format, and the investigator will work stations for analyst personnel, and the
with either a laptop or desktop computer necessary software to run the program.
in completing the form. This program will become operational in

1995.
In past years the protocol largely
resulted in a great deal of data explain- The human factors data from USAF "opera-
ing what had occurred during the course tions" aircraft accidents has been
of the aircraft accident but very little processed through a preliminary program
related to why the accident had occurred, we call "Mini-AMP". Let us look at what
The 1989 revision included data entries we have learned so far. Table I is
not previously captured, expands human a statistical summary of 57 operations
factor categories, and for the first time (i.e. human factors) accidents. Table II
provides a correlation matrix to be provides a similar analysis of 38 logis-
included by the investigator (see pg. 6 tical (system or mechanical failure)
of the 711gA). We have known for many accidents. Note that although there are
years that pilots "channelize" their 371 possible human factors to be selected
attention during both actual and simu- by the investigator that only 17 are
lated combat and that a consequence of selected with any frequency and that
this narrow focus of attention is the there is further reduction in the
exclusion of other information from the operations group to 6 with very frequent
aircraft and the environment. This in selection. It is probably no surprise to
turn leads to a loss of situational this audience that the major factors
awareness and has resulted in many selected by our investigators are from
aircraft accidents. Student pilots learn the judgement and decision making group
of the hazards of channelized attention and the situational awareness group. It
in the classroom and experience its is quickly apparent that these frequently
effects during flight training. Most selected human factors are in the "what"
pilots have had fellow aviators who have category and not the "why". The "con-
suffered a crash, many of them fatal, and tributors" noted on Table I begin to
once again have learned of the dangers of provide some of the "why". As an
"channelized attention". Throughout an example, note the third line of Table I,
aviator's career, he is periodically delay in taking necessary action and the
reminded of the various hazards inherent second contributor, misperception of
to the flying environment, including distance. One of the accidents this
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data related to was a fighter aircraft cohort group, will need to be analyzed.
flying a defensive ACM exercise against

another fighter. The accident occurred It is likely that the human factor causes
at 1600 H. Immediately prior to the of aircraft accidents do not vary greatly
engagement, the pilot of the chase from country to country and that we share
aircraft had lifted his visor, high many of the same problems of human error.
contrast yellow, but continued to wear I would propose to this group that we
his green sun glasses. He unknowingly construct a universal human factors
experienced a "blue wash-out" effect, protocol, and that our investigators be
lost some depth perception, and was 800 trained in the same program. Initially,
meters closer to his adversary than he I suggest the 71lgA protocol be reviewed
perceived. Although not the primary cause and modified by NATO safety organizations
of this accident, this physiological for joint use and that our human factors
event was a contributor and part of the investigators be jointly trained at the
complex chain leading to the accident. USAF School of Aerospace Medicine.

You will also note the difference in the In summary, we lose many aircraft and
major human factor contributors between aviators due to human factor causes we
the operations (ops) group and the incompletely understand. We are no
logistical (log) group. "Contributors" longer satisfied with the simplistic
in the log group were either not reported concept of pilot error and have come to
or reported with little frequency. realize that human factor caused

accidents are very complex events that
This preliminary effort has provided us require very careful investigation and
with the opportunity to recognize certain analysis. I have proposed a method of
problems in human factor data gathering investigation and analysis that we share
and analysis. as a joint endeavor.

Our first concern is the quality of data
reporting. The Untied States Air Force
does not have a dedicated human factors
aircraft accident investigator cadre.
Although our human factor consultants at
the Air Force Safety Agency (formerly
called the Air Force Inspection and
Safety Center) have been in the safety
business for several years and have all
been involved in working with numerous
aircraft accidents, the front line
investigator usually does one in an
entire career. These human factor
investigators, all Air Force flight
surgeons, have experienced similar
medical training and have all graduated
from the USAF School of Aerospace
Medicine Primary Course in Flight
Medicine. However, they may serve on a
safety investigation board after only two
months or as much as three years service
as a flight surgeon. Recognizing this
problem, the Air Force plans to initiate
a course in aircraft accident investi-
gation for human factor investigators (to
include flight surgeons, physiologists,
and aviation psychologists), two weeks in
duration at the USAF School of aerospace
medicine at Brooks AFB. Graduates of
this course will constitute a cadre of
specially trained professionals who will
be consistently required to serve as
safety investigation board human factor
investigators. This course is planned to
begin in the Fall of 1993.

Another concern is the specific nature or
type of data required that will event-
ually answer the question of why human
factor accidents occur and provide useful
information for the prevention of future
accidents. Although the 711gA protocol
is very detailed, it is the first attempt
in concert with the AMP program and will
certainly require further revision and
elaboration. The quantity of data
required to distinguish between aviators
who have aircraft accidents and those who
do not is another concern. Our statis-
ticians say that at least five years of
aircraft accident data, with a comparison
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TABLE I

OPS MISHAPS

106 CLASS A/A+ MISHAPS (57 OPS, 38 LOG, 7 OTHER, 4 UNKNOWN)
(719 3& & 4S; 156 4s RANKED 1/2; 124 4s RANKED 1/2 FOR PILOTS (69) ONLY

HUMAN FACTOR INCIDENCE TIMES RATED RITED #1/02 CONTRIBUTORS
of 3S & 4s #1 OR 12 (PILOTS)

CHANNELIZED ATTENTION 1 (34) 2 (11) 2 (8) COGNIT TSK OVERSAT (2)
LIMITED TOT EXPER (2)

SEL WRNG CRSE OF ACTION 2 (29) 3 (10) 1 (10) RISK ASSESSMENT (3)
COG TSK SAT (2) CONFUSN (2)

DELAY IN TKNG NESS ACTION 3 (23) 7 (6) 6 (5) RISK ASSESSMENT (2)
MSPRCPTN OF DISTNCE (2)

RISK ASSESSMENT 4 (21) 8 (5) 8 (4) SEL WNG CRSE ACT (3)
DISTRACTION (3)

FAIL TO USE ACPT PROCEDS 4 (21) 6 (7) 4 (7) NO TREND

SDO, TYPE I 6 (20) 1 (13) 2 (8) VESTIBULAR ILLUSN (4)
CHANNELIZED ATTN (3)

MISPERCEPTION OF POSITION 7 (19) 10 (4) 13 (2)

DISTRACTION 8 (18) 12 (3) 10 (3)

VIOLATION FLT DISCIPLN 9 (15) 4 (9) 4 (7) RISK ASSESSMENT (3)
FAIL TO USE PROC/SEL WNG CRS (2)

INADEQUATE OPS BRIEFING 10 (12) 4 (9) 10 (3)

VESTIBULAR ILLUSION 11 (10) 0 0
INADEQT WRTTN OPS PROCDS 11 (10) (1) (1)
COGNITIVE TASK OVERSAT 11 (10) (2) (2)
SITUATNL AWARENESS-OTHER 11 (10) (1) (1)
INADEQUATE SUPERVISION 11 (10) 12 (3) 13 (2)
COMPLACENCY 16 (9) (2) (2)
JUDGMENT/DECSNS, OTHER 20 (8) 8 (5) 6 (5) CHANNELIZED ATTN (2)

TABLE II

LOG/MISC/UNK MISHAPS

106 CLASS A/A+ MISHAPS (57 OPS, 38 LOG, 7 OTHER, 4 UNKNOWN)
(393 3S & 4S; 69 4s RANKED 1/2; 31 4s RANKED 1/2 FOR PILOTS (31) ONLY

HUMAN FACTOR INCIDENCE TIMES RATED RATED #1/#2 CONTRIBUTORS
of 3s & 4s 11 OR #2 (PILOTS)

CREW COORDINATION 1 (11) 7 (3) (0)

FAIL TO USE ACPT PROCEDS 1 (11) 3 (4) 2 (3)

INADQ WRITTEN OPS PROCEDS 3 (9) 2 (5) 1 (4)

LOG/MNX PROCEDURES 4 (8) 1 (7) 4 (2)

ACCELERTN/DECELRATN FRCES 4 (8) (2) (1)

INADEQTE LOG/MNX INSPECTN 6 (7) (2) (0)

INADEQUATE MNX TECH DATA 6 (7) 3 (4) 2 (3)

OTHER AIRFLD CAPABILITIES 6 (7) (2) (1)

CHANNELIZED ATTENTION 8 (6) (0) (0)
OVERCONFIDENCE 8 (6) (1) (0)
LOG/MNX SUPERVISION 8 (6) 7 (3) (0)
TIME INTO CREW DUTY DAY 8 (6) (0) (0)
UNIT MISSION DEMANDS 8 (6) (0) (0)
INTRACOCKPIT COlMO 8 (6) 3 (4) 4 (2)
SEAT DESIGN 8 (6) (2) (0)
DELAY IN TAK NESS ACTN 15 (5) 7 (3) (0)
TECHNC/PROCEDURL KNOWLDG 15 (5) (0) (0)

L . . . . . .1 _
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Appendix 1 - Human Factors Protocol

EFORFCAL USE ONLY: T1IS IS A PRILEGED LIMITED-USE REPORT, UNAUTHORIZED D0=OSURE OF THE INFORMATION IN THIS REPORT IS A CRIMINAL OFFENSE
PUNISHABLE UNDER ARTICLE 92. UNIFORM CODE OF MILITARY JUSTICE SEE AFR 127-4. PARA 1-8 & 1-9 FOR RESTRICTIONS.

LIFE SCIENCES REPORT OF AN INDIVIDUAL INVOLVED IN AN AIR
FORCE FLIGHT/FLIGHT RELATED MISHAP

GENERAL INSTRUCTIONS: COMPLETE ONE FORM FOR PRIVACY ACT STATEMENT
EACH INDIVIDUAL lAW AFR 127-4. ENTER ANSWERS BY HAND
PRINTING OR TYPING. ATTACH THE LIFE SCIENCE NARRATIVE AUTIOPOTY: 1o USC soi2

AT THE END OF THE FORM. IF MORE THAN ONE INDIVIDUAL IS PRINCIPAL PURPOSE(S): In•e•,tigasos of swhel. abe OmrduClet, for afahap pre,•elon

INVOLVED IN THE MISHAP, A SINGLE NARRATIVE IS Pur thkft p Forom.FIOU71NE USES: To ptovilde stattlaftel &W hIhpodcal Inkomtriatio used by the Depworim a

ACCEPTABLE PROVIDED EACH PERSON HAS THEIR OWN 111- IN MW p,,row.ltw Sp.ticalt. for spodal ,u-, s Invo We., sepo. ch,.

SECTION FOR INJURIES AND THE 72 HOUR HISTORY. ATTACH rescu. rvi,•. WAte Sqrm" oF tai*,. pOlotgkaL meftW EI " da. WhW date

THE LATEST TWO (2) PHYSICALS, INCLUDING THE MOST areudfrsaelyducaan at Wo•• atei•,l•, tihe kderitift to hVo.W pwro.n m

RECENT SF - 88. ONLY TO HO AFISC I SER. DISCLOSURE IS MANDATORY: UnS" the Wdivdual is aupected d co"rrn a violation
of the UNlom Code d Mika Justice. Thi dou•rmaion I needed o emwe your perumm Sae
ard hdol 01101.

1. INDIVIDUAL BACKGROUND (3) TOBACCO Indicate Y- Yes, N- No, or U- Unknown
(a) Smoke _ (d) Cigarette packs/day -

a. IDENTIFICATION ýb) Sniff _ e) Pipe bowls/day.

(1) NAME: (c) Chew I Dip - ( I ) Cigars/day ..

(2) SSAN: (4) PRE-EXISTING DISEASE(S) / ILLNESS

(3) RANK: (a) DIAGNOSES (b) WAIVER (c) USAFSAM

(4) SEX: (male/female): ,YESNo DATE YES/NO DATE

(5) DOB: (yy /mm / dd):

(6) CREW POSITION: (AFSC)
(7) DATE OF MISHAP (yymmdd):
(8) ASSIGNED UNIT:
(9) ASSIGNED BASE:

(10) BASE NEAREST MISHAP:

(11) COMMAND:

(12) AIRCRAFT MDS:

(13) AERO RATING:
(14) SOURCE OF COMMISSION: Anact &WA.oW pagel nee4d,

(OTS. USA FA, ROTC, OTER1

(15) Was this person in control of the aircraft (hands on (5) Are latest two physicals attached? Yes _ No

controls) at the time of, or during, the mishap? (ATTACH TO HO AFISC COPY ONLY)

Yes No Unknown (6) Date of last flight physical:
(16) MARITAL STATUS: Single _ Married

Separated Diverced C c. WORK / REST HISTORY Time in hours and tenths

b. MED;CAL HISTORY (1) Hours worked in last 24 hrs.
(2) Hours worked in last 48 hrs.

(1) ANTHROPOME.T' Use Inches and pounds (3) Hours worked in last 72 hrs.
(a) HE!GHT: - (b) WEIGHT: __ (4) Continuous time awake prior to mishap.

(c) HAND DOMINANCE: Right_ _ (5) Hours slept in last 24 hrs.

Left _ ; Ambidextrous (6) Hours slept in last 48 hrs.
(7) Hours slept in last 72 hrs.

Complete (d) - (I) If available. (8) Duration of last sleep period.

(d) BUTTOCK KNEE LENGTH: (9) Hours between last meal and mishap.

(e) LEG LENGTH:_
(If) FUNCTIONAL REACH: 2. MISHAP MEDICAL INFORMATION
(g) SITTING HEIGHT: -a. OVERALL DEGREE OF INJURY

(2) VISION Indicate Y. Yes. N. No, or U- Unknown

(a) Corrected (1) NONE
(b) Mullilocal (2) MINOR MARK ONLY

(c) Contacts (3) MAJOR ONE

(d) Used (4) FATAL

(e) Current (5) MISSING

(I) Sunglasses worn during mishap ____

FCREW F 71 lgA(PpSSENvGsR i LAst NAM LI AN USISANDT

AF FCAIA 71 igA (previous editions obsolete) FOR LIMITED USE ONLY



711gA INJURY LOCATIONS. DIAGNOSIS. AND CAUSE CODES

853 THORAX 043 FX HYPEREXTEN WrCOR C20 EXPLOSIVE DECOMPRESSION3854 THUMB INJURY C21 FAILURE OF SURVIVAL
A ANTERIOR BSS TIBIA 044 FX, HYPEREXTENSION EQUIPMENT
S BILATERAL B95 TIBIA I FIBULA D45 FX, IMPACTED C22 FIRE
E ENTIRE BODY 857 TOES 048 FX.SIMPLE C23 FIREBALL
L LEFT BT1 Ti 047 FX, UNIFORM COMP C24 FUELS(GASOLINE ETC)
U LEDIAL BT2 T2 048 FX, UNIFORM COMP W/CORD C2S FUMES/SMOKE
P POSTERIOR BT3 T3 INJURY C23 G FORCES
n RIGHT BT4 T4 D49 FXS. MULTIPLE C27 GASES
U UNKNCARI BTS TS 060 GUNSHOT WOUND C21 HEAT

STe To D0% HEAT EXHAUSTION C02 HIT BY DEBRIS ACFT
N_ SIfl7 LOCATION BT7 T7 02 HEAT STROKE C30 HYDRAULIC FLUIDS

BT5 TS 063 HEMARTHROSIS C31 HYPOXIA
801 ABOOMEN BT9 TO D54 HEMATOMA C32 INITIAL IMPACT W/ TERRAIN
902 ANKLE STA TIO D65 HEMIPLEGIA C33 JET BLASTIPROP WASH
03 ARM LOWER BTB TIl D68 HEMORRHAGE (Wt SHOCK) C34 LACK OF SURVIVAL

804 ARM UPPER BTC T12 D57 HEMORRHAGE EQUIPMENT
R65 BACK(NONFRACTURE) 858 ULNA 068 HERNIA C35 LANDED ON SURVIVAL KIT
806 BASAL SKULL B59 ULNA & RADIUS 059 HYPOTHERMIA C36 MISSING
807 BRACHIAL PLEXUS. BO0 UNKNOWN FRACTURE 080 IMMERSION INJURY C37 MISTS
S08 BRAIN S6o UNKNOWN/NA 0D1 INFARCT C38 MISUSE OF SURVIVAL
nOg BUTTOCKS B62 WRIST D02 INTERNAL DERANGEMENT EOUIPMENT
RI0 CHIN G63 iO%BOOY SURFACE D63 LACERATION C039 NITROGEN OXIDES
8 1 CLAVICLE B64 2,%BOOY SURFACE 064 LOST C40 OBJECT DISLODGEIDIROP
8C0 Cl S85 30%8OY SURFACE D5S MULTIPLE EXTREME INJURiES IN IDURING FLIGHT
802 C2 868 40%SOOY SURFACE D68 OTHER INJURY C41 OPENING SHOCK OF CHUTE
8C3 C3 867 50%BODY SURFACE 067 OTHER OCCUPATIONAL C42 POOR PLF
BC4 C4 888 60%8OY SURFACE DISEASE C43 RESTRAINT(S)
W0S CS 869 70%BODY SURFACE D68 PARAPLEGIA C44 ROCKET BLAST
8c8 Co 870 O%BOOY SURFACE 069 PARESIS C45 SEAT COLLAPSE
BC7 C7 871 o0%BOY SURFACE D70 PNEUMOTHORAX C4a SECONDARY IMPACT W/
B12 EAR 071 PUNCTURE TERRAIN
GO3 ELBOW 072 QUADRIPLEGIA C47 SHRAPNEL
814 ENTIRE BODY nI-lfloaps 073 RAD INJURY IONIZING C48 SOLVENTS
8 S EYE DO1 ABRASION D74 RAD INJURY NONIONIZING C49 STRUCK BY DISLODGED EOPT
B16 FACE 002 ACOUSTIC TRAMA 07S RUPTURE C50 STRUCK BY EJECTION SEAT
B17 FACIAL BONES 003 AMPUTATION D76 SEVERED NERVES C51 STRUCK BY MOVING ACFT
i8d FEMUR 004 ASPHYXIA D77 SPRAIN/STRAIN C52 STRUCK BY OTHER ACFT

B19 FIBULA DO5 ASPHYXIA-TOXIC D70 STAB WOUND C03 STRUCK BY OTHER INDIV
820 FINGER D06 AVULSION D79 STARVATION C54 STRUCK BY PERSONAL EOPT
821 FOOT 007 BITE.ANIMAL DO8 STRETCHING C55 STRUCK BY ROTOR GLADE/
822 GREAT VESSELS 008 BITE-HUMAN 081 TEAR PROP
8?3 HAND D09 BLAST INJURY D82 TOXIC REACTION C56 STRUCK BY UNATTACHED
824 HEAD D10 BLUNT TRAMA 083 TOXIC REACTION SKIN EQUIPMENT
82S HEART D11 BURN-IST DEGREE D64 TOXIC REACTION SYSTEMIC C57 STRUCK CABIN STRUCTURE
828 HIP D12 BURN-2NO DEGREE D05 TRANSECTION C58 STRUCK CANOPY
827 HUMERUS 013 BURN-3RD DEGREE 086 TRAPED GAS EAR BLOCK C59 STRUCK CTL STICK
628 INGUINAL D14 BURN-4TH DEGREE 087 TRAPPED GAS ABDOMINAL C60 STRUCK ESCAPE HATCH
829 JAW 0D5 BURN-CHEMICAL D08 TRAPPED GAS DENTAL C61 STRUCK EXTL SURF ACFT
830 KIDNEY 01i BURN-ELECTRICAL 069 TRAPPED GAS SINUS BLOCK C62 STRUCK GUN SIGHT (HUD)
83, KNEE 017 CONCUSSION D09 UNCONSCIOUNESS C63 STRUCK OTHER COCKPIT
B32 LEG LOWER 010 CONTUSION D91 UNKNOWN/NA STRUCTURE
833 LEG UPPER D19 CRUSH INJURY C64 STRUCK RADARSCOPE
834 LIVER 020 DCS(BENOS) ) p • C65 STRUCK WINDSHIELD
835 LUNG D21 0CS (CHOKE) C66 SUCKED INTO JET INTAKE
GL I L 1 022 DCS(CNS) C01 BIRD STRIKE C67 THROWN OUT OF ACFT
BL2 L2 D23 OCS (CRAWLS) C02 BLAST I EXPLOSION/ C08 TRAPPED
GO3 L3 024 DECAPITATION DISINTEGRATION C69 TUMBLING
814 L4 D25 DEHYDRATION CO0 BORANES C70 TURBULENCE
8L5 LS D02 DEPRESSED C04 BULLET WOUNDS C71 UDMH-HYDRAZINE
836 MENINGES D27 DISLOCATION C05 CB (FIRE EXTINGUISHENT) C72 UNKNOWN
837 MULT BODY PARTS D28 DROWNING C0O COLD C73 WINDBLAST
838 MULTIPLE EXTREME D29 EDEMA C07 DEBARKING ACFT ON GNO
839 NECK 000 ELECTROCUTION C00 DECELERATION.
1.0 NOSE 00i EMBOLISM LONGITUDINAL
OIi PELVIS 002 EVISCERATION CO DECELERATION. VERTICAL
842 PUBIC D33 EXHAUSTION C10 DEFORMATICN OF ACFT
643 RADIUS D34 EXSANGUINATION Cil DRAGGING
844 RIBS 035 FOREIGN BODY C12 DROWNING
845 SACROILLIAC 008 FRACTURE DISLOCATION C13 DUISTS
848 SACRUM COCCYX D07 FRAGMENTATION C14 EJECTION FORCE
847 SCAPULA 008 FROSTBITE Cis EJECTION THRU CANOPY
848 SHOULDER 009 FX. ANT COMP WCORD ci1 ENTANGLE (EOPT/CHUTE)
849 SKULL INJURY C17 ENTANGLE SHROUD LINE
F150 SPINAL CORD D40 FX. ANT COMPRESSION WATER
611 SPLEEN 041 FX, COMIUTED cis ESCAPE ROPE
852 STERNUM D42 FX. COMPOUND CIO EXPLOSION

EXAMPLE Injury code

INJURY / DIAGNOSIS: Left upper arm fracture compound L, 804, D42
CAUSE: Broken on ejection due to wind blast C73

INSERT TO AF FORM 71 lgA Au 89



FOR OFFICIA.L USE OLY: THIM Is A PRIVLEGED LMITED-USE REPORT. UNAUTHORIZED DISCLOSURE OF THE IDRMAWTION IN THaSREPORT IS A CRaIMIAL OFFENSE
PUNISHABLE UNDER ARTICLE 92. UNIFORM CODE OF MILrTARY JJSTICE. SEE AJR 127-4. PARA 148 & 1-4 FOR RESTRICTIONS.

b. LABORATORY TESTS: (Blood and body fluids.)

(1) TYPE TEST (2) TISSUE TESTED (3) TESTING LAB (4) METHOD (5) RESULT

NOTE: FOR MORE TESTS. DISEASES, INJURIES, OR RESULTS, INCLUDE THEM ON PLAIN BOND CONTINUATION SHEET(S).

c. INJURIES IbopamInwtev: Fm no-auft~able ft~adi toicm inM.z MULTIPLE ExTREME of TOTAL FRAGMENTATION ýw W~iub INJURY CODE
LIST INJURIES IN DECREASING ORDER OF SE VERITY SEE FACING PAGE

(1) INJURY / DIAGNOSIS: _______________________

CAUSE: ______

'(2) INJURY/I DIAGNOSIS:_______________
CAUSE: _________________ _____

(3) INJURY / DIAGNOSIS;_______________
CAUSE: ______

(4) INJURY / DIAGNOSIS: ______

CAUSE: ______

(5) INJURY / DIAGNOSIS: ______

CAUSE:
(6) INJURY/I DIAGNOSIS: ______

CAUS!-E; _____

CAUSE EXAMPLES Bird Strike. Burn (cherrical. lu,Žl), Orowning. Parachute Landing Fall(PLF). Ejection. Explosion, Flal, Impact with
Personal Equipmeýnl Generally q;-ve!hc WHAT and HOW of the injury cause and WHEN it was sustained.

a. X-RAY RESULTS

,(1 AREA/ILOCATION (2) FINDINGS

INUYINCAPACITATION TlMl-'S

1dce l~me or "IN/A."

(1) DAYS HOSPITALIZED j
(2) DAY-SIN UARTERS ___"

(3) DAYS GROUNDED (DNIF)/
(4) TIME OF UNCONSCIOUSNJESS

(a) (!-Imrins) -JO

(b) (seconds) %A-

and1

INJURY PROFILE (MARK OR DRAW INJURIES WHEN APPLICABLE)

CePEV, POSiT'iONoPARSEN~GE7R LAST ?IAMEr SSAN IMISHAP DATE

AF~ IlA (previouseditions obsolete) FOR LIMITED USE ONLY
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FOR OFFICIAL. USE OM.Y: THIS IS A PRIVILEGED UIJITEDwUSE REPORT, UNAUTHORIZED WRAINNTHSEPTISACMNLOFNE
PUNISHABLE UNDER ARTICLE 92. UNIFORM CODE OF MIUITARY JUSTICE SEE AFR 127 , PARA 14S A 1-9 FOR RESTRICTIONS.

Evaluate each factor for presence and the significance of its contribution. Mark PRESENT Factors with either 0, 1, 2, 3, or 4
from contribution scale. IN Factor NOT PRESENT leave blank. if UNKNOWN if factor PRESENT mark with "U".

0 1
NOWE I I ---- DEFINITE
DISCUSS PRESENT FACTORS IN THE HUMAN FACTORS PIORTION OF THE NARRATIVE

3. HUMAN PERFORMANCE AND 4 ANTHROPOMETRIC WrNIjA

ENVIRONMENTAL CONCERNS 153 INADVERTENT OPERATION. E.ALLY INDUCED
154- BODY SIE

I~J~lI~Q&L ~ TO ~155- PHYSICAL STRENGTH
157- DEXTERITY
ISa___ OTHER__________

A PHYSIOLOGIC OR BIODYNAMIC FACTORS
8 PSYCHOLOGICAL FACTORS

1 BIODYNAMIC
i~__ HPXA1 PROFICIENCY

102 _ HYPERVENTILATION 159 INADEQUATE TRANSITION
103 EAR BLOCK 1607 LIMITED TOTAL EXPERIENCE
104 ALTERNOBARIC VERTIGO 161 LIMITED RECENT EXPERIENCE
105 SINUS BLOCK 162 -NEGATIVE TRANSFER
106 BAROOONTALGIA 163 USED WRONG CONTROL
107 __PNEUMOTHORAX ',r4--_ EVENT PROFICIENCY
106 ABDOMINAL GAS 165 EVENT CURRENCY

*109 BENDS/DECOMPRESSION SICKNESS 166 JOB I FLYIT.:G PROFICIENCY
i10 CHOKESIVECOMPRESSION SICKNESS 17 JOB,'FLYING CURRENCY
ml _ CNSIOECOMPRESSION SICKNESS 168- LEARNING ABILITY. RATE

1I2 G INDUCEDOVISION DEFICIT 1,64_ MEMORY A6LrTY
113 G-INDLICEOILOSS OF CONSCIOUSNESS 170- TECHNICAL IPROCEDURAL KNOWLEDGE
114- OTHER____- - ______ 171- OTHER ___________

2 SENSORY AND PERCEPTUAL 2 SITUATIONAL AWARENESS
i s___ VISION DE F!CIT 172_ INATTENTION
116 VISUAL ACOUISITICIN 173 SELECTIVE INATTENTION
I117_ VISUAL ILLUSION 174_ CHANNCLtZED ATTENTION
¶111 VESTIBULAR ILLUSION 175_ DISTRAZ:TION
¶1t9. KINESTHETIC ILLUSION 176- BOREDOlM
1 20_ AUDITORY CUES 177 FASCINATION
121 NOISE INTERFERENCE 176 TEMPORAL DISTORTION
122_ VIBRATION 179 CONFUSION
123__ MISPERCEPTION OF SPEED 180O COGNfl yE TASK OVERSATURATION
124-- MISPERCEPTION OF DISTANCE 161 HABIT INTERFERENCE
%25_ MISPERCEPTION OF POSITION 182 MISREAD INSTRUMENTS
12%1 __ SPAT IAL DISCRIENTA ION (TYPE II UNI3ECOGNIZED 183 MISINTERPRETED INSTRUMENT READING
127 _ SPATIAL DISORIENTATION (TYPE 2) RECOGNIZED 184_ OTHER_____________
128_ -_ SPAT!AL DISORIENTAT.ON (TYPE 31 U1CONTPOL LABLE
129. __ OTHER- 3 MENTAL FATIGUE

185 ACUTE
3 PATHOPHYSIOLOGICAL 186 CHRONIC

¶20 DRUGS PITEscRIRED nYWCfiCAI OF-,CLI 187 MOTIVATICNAL EXHAUSTION (BURNOUT)
13i _ DRUGS. OTHER 188- SLEEP DEPRIVATION
132 SIDE EFFECS i HANGOVER 1e89 CIRCADLAN RHYTHM DESYNCHRONFY
1Q3 _ALCOHOL 1907- OTHER_____________
134 -NICOTINE

135 -CAFFFINE 4 PERCEPTUAL-MOTOR CAPABILITIES
136 _NI 1TRTICN 191 PHSIAL TASK OVERSATURATION
138 WAIVDRSATEICAL 192 -TIME AND SPACE LIMITATION
Q98 PHYTES.ICAL ITNES 193 -CONFUSION OF CONTROLS

133__ HYSCALFITESS194 INADECUATE COORDINATION OR TIMING
140 - PHYSICAL FATIGUE 195- FLYING SKILL ABILITY / DEFICIENCY
141___- SUDDEN INCAPACITATION UNGCCNSCIOUSNF.S1, i96 OVERCONTROL

143 _ CARBON MOFJOXICE POISONING 197 OTHER____________
144 TOXIC EXPCSUPE S JDMN N EIINMKN
145 MOTION SICKNESS 5 JDMN N EIINMKN
146 OTHER ACUTE ILLNESS 198_ FAILURE TO USE ACCEPTED PROCEDURES
147 OTHER PRE.EXISTING DISEASEITA!FF(CT 1099_ SELECTED WRONG COURSZE OF AC^TC:.
143 THERMAL STRESS HEAT 200 DELAY IN TAKING NECESSARY ACTION
¶49 THE RMAL STlE SS COtD 201 RUSH IN TAKING NECESSARY ACTION
ISO___ RADIATION 202 VIOLATION OF FLIGHT DISCIPLINE
151--_ OTHER 203 PROCEDURE i NAVIGATIONAL ERROR

___ - -204_ INADVERTENT OPERATION, SELF-INDUCED
205_ GET*HOF4E-ITIS IGET-THERE-iris
206 RISK ASSESSMENT
207- IGNORED CAUTION WARNING
208- OTHER___________

CREW POSlTICN/PASSEI1GER LAST NAME [SSAN MJ.ISHAP DATE
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FOR OFFICIA. WE OY: 1TMS IS A PRIVILEGED LIMITED-USE REPORT. UNALITHORIZED DISCLOSURE OF THE INFORMATIO IN4 ThIS REPORT IS A CRIUMINAL OFFENSE
PUNISHABLE UNDER ARTICLE 92, UNIFORM COOE OF MILITARY AJSTICE. SEE APR 127-4, PARA 1-8 & 1-9 FOR RESTRICTIONS.

Evaluate each factor for presence and the significance of its contribution. Mark PRESENT Factors with either 0, 1, 2, 3, or 4
from contribution scale. If Factor NOT PRESENT leave blank, if UNKNOWN if factor PRESENT mark with "U".

0 13 4SI Iii I
NONE I 1 DEFINITE
DISCUSS PRESENT FACTORS IN THE HUMAN FACTORS PORTION OF THE NARRATIVE

6 PERSONALITY INFLUENCES 3 COMMUNICATION2V7 MISINTERPRETED COMMUNICATIONS

(I) EMOTIONAL STATE 269 DSRUPTEDCOMMUNICATIONS
209 APPREHENSION 269__ COMMUNICATION HABITS
210- PANIC i CHOKE/ FREEZE 270 CREW COORDINATION
2t1_ ANGER 271 EXTERNAL COMMUNICATION
212_ DEPRESSION 272 INADEQUATE COMMk•NICATION EQUIPMENT

213 RECENTCHANGE 273 INTRACOCKPIT COMMUNICATION
214 IRRITABLE 274 BLOCKED TRANSMISSION

215 CAREFREE 275 RADIO DISCIPLINE

216 ELATION 276 OTHER

217 UNKNOWN
2168- OTHER--A L ~ T©1

(b) BEHAVIOR
219 RESPONSE SET
22__ PRESSING A AIRCRAFT I COCKPIT DESIGN FACTORS
221 PREOCCUPATION
222 EXCESSIVE MOTIVATION TO SUCCEED223- LACK OF DISCIPL INE I COCKPIT SEAT
223 LACK OF DSCFIPINCE 277 ACCELERATICN OR DECELERATION FORCES, IMPACT
224 LACK OF CONFIDENCE27 SETDSC
225s OVERCONFIDENCE 27___ SEAT DESKN

226 OVERCOMMITMENT 279 SEAT COMFORT

227 MOTIVATION MISPLACED 280 FIXED SEAT RESTRAINT

228 MOTIVATION INADEQUATE 281 LIMB RESTRAINT

229__ GAMESMANSHIP OR CAREE RISM 282 EJECTION SEAT SEQUENCING

230 OVERAGGRESSIVE 283 OTHER

231 COMPLACENCY
232 OTHER_ 2 VISIBILITY284 VISION RESTRICTED BY EQUIPMENT STRUCTURES

(c) PERSONALITY STYLE 285 COCKPIT LIGHTING
233 NARCISSISTIC 286 GLARE

234 EXPLOSIVE 287 CANOPY REFLECTIONS

235 IMPULSIVE 283 CANOPY DESIGN
Z5. INVULNERABLE 289 HEAD-UP-DISPLAY DESIGN- LOCATION

237 MACHO 290 HEAD-UP-DISPLAY DESIGN - SYMBOLOGY
238 PASSIVE AGGRESSIVE 291 OTHER
239 SUleMISSIVE
240__ CONSERVATIVE 3 INSTRUMENTATION
241_ LONER 292 . DESIGN
242 AUTHORITARIAN 293- sIZE
243 - NONE OF THE ABOVE 294 LIGHTING
244 OTHER_ 295 .SYMBOLOGY

296 FAILURE

C PSYCHOSOCIAL FACTORS 297 LOCATION
298 MISLED BY FAULTY INSTRUMENT
299 OTHER___________

1 PEER INFLUENCES T
245__ PEER PRESSI.E.EXPRESSED 4 CONTROLS
246 PEER O PE.CEPTIONA'AE 300 DESIGN
247 __ PIER OR CREW RILE VIOLATIONS 301 SIZE
248 ... OFFICE RSHIP 30 IGTN

2~8 __ ~302 LIGHTING
249 PEP'JTATION 303 FAILURE
20 _-- OHER ........ 304 SWITCH LOCATION

305 SWITCH SIZE

2 PERSONAL AND COMMUNITY 3o6 SWITCH SHAPE
251 CAREER i JCB PROGRESSION 307 LOCATION
252 -- CAREER i JOB SATISFACTION 308 OTHER
253 _._ RECENT OR PLANNEO CHANGE INCARZER'JO0
2s4 NTERPERSONAL RELATIONS1IPS AUTOMATION
255 " FAMILY OR FRIEND DEAT'ILLNESS 309 FUNCTIONAL DESIGN OF SYSTEM
256 FINANCIAL PROBLEMS 310 USE POLICY
257- LEGAL PROBLEMS 311 EMPLOYMENT GUIDANCE
256--- MARITAL PROBLEMS 312 FUNCTIONAL DEFICIENCY
259 FAMILY PROBLEMS 313 SYMBOLOGY
286 RECENT HOLIDAYNACATION 314 FAILURE STATUS INDICATOR
* 261 __ RECENT PROMOTION CO.ISIOERATION 315 MANUAL BACKUP INADEQUATE
282 RECENT ENGAGEMENT i MARRIAGE 316 RELIABILITY
283 RECENT D0VORCE I SEPARATION 317 PROGRAM LOGIC
264 COMMIUNFTY ACTIVITY PARTICIPATION 318 DESIGN DEFICIENCY
2985 EDUCATICN BACKGROUND 319 OTHER__
286 OTNER . . .

CREW POSITIOWIPASNI ATNAE-SAN MISHAP DATE
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FOR OFFICIAL USE ONLY: THIS 19 A PRIVILEGED LIMITED-USE REPORT. UNAUTHORIZED DISCLOSURE OF THE INFORMATION IN THIS REPORT IS A CRIMINAL OFFENSE
PUNISHABLE UNDER ARTICLE 92, UNIFORM CODE OF MILITARY JUSTICE SEE AFR 1274. PARA 1-8 & 1-9 FOR RESTRICTIONS. R

Evaluate each factor for presence and the significance of its contribution. Mark PRESENT Factors with either 0, 1, 2, 3, or 4
from contribution scale. If Factor NOT PRESENT leave blank, if UNKNOWN if factor PRESENT mark with "U".

0 1
NOEI - - I DEFl~JrTE

DISCUSS PRESENT FACTORS IN THE HUMAN FACTORS PORTION OF THE NARRATIVE

B OPERATIONS FACTORS AIRFIELD CAPABILITIES372 RUNWAY LIGHTING
PREPARATION 373 RUNWAY DIMENSIONS
320 INADEQUATE BRIEFING 374 RUNWAY SLOPE
321 SYSTEMS KNOWLERIGE (DASH 1) 375 SURROUNDING ENVIRONMENT
322 FAULTY FLIGHT PLAN 376 LACK OF NAV-AIDS I RADAR

323__ FAULTY PRE-FLIGHT OF AIRCRAFT 3777. INADEQUATE MONITORING
324 INADEQUATE WEATHER ANALYSIS 378 OTHER
325 OTHER D EQUIPMENT FACTORS

2 COCKPIT RESOURCE MANAGEMENT I CREW
COORDINATION 1 LOGISTICS/MAINTENANCE PERSONNEL

326 INITIAL FORMAL TRAINING 379 INADECUATE INSPECTION
327. RECURRENT TRAINING 380 INADEQUATE INSPECTION POLICY
326 LEADERSHIP (COMMANDER STYLE) 381 SUPERVISION
329 SUBORDINATE STYLE /COPILOT SYNDROME 382 COMMAND GUIDANCE
330 DEFACTO- POLICY 383 PROCEDURES
331- RANK IMBALANCE 384 DESIGN
332 OTHER 385 OTHER

3 PROCEDURAL GUIDANCE I PUBLICATIONS 2 LOGISTICSIMAINTENANCE OUAUTY ASSURANCE
333_ INADEQUATE WRITTEN PROCEDURES 388 INADEQUATE INSPECTION
334 INAPPROPRIATE WRITTEN PROCEDURES 387 INADEQUATE INSPECTION POLICY
335 INADEQUATE GRAPHIC DEPICTION 388 SUPERVISION
336 MISLEADING GUIDANCE 389 PROCEDURES
337 NOT CURRENT 390 OTHER
338 OTHER_

3 LOCAL WORKING CONDITIONS
4 MISSION DEMANDS 391 MANNING

339 HURRIEDI DELAYED DEPARTURE 392 TRAINING
340 CREW / FLIGHT MAKEUP I COMPOSITION 393 PERSONNEL HARMONY
341 ACCELERATION FORCES. IN-FLIGHT 394 PHYSICAL PLANT
342 - LOSS OF AIRCRAFT PRESSURIZATION 395 SUPERVISION
343_ LIGHTING OF OTHER AIRCRAFT 396 OTHER
344_ VISION RESTRICTED BY WEATHER. HAZE. DARKNESS
345,- VISION RESTRICTED BY ICING. WINDOWS FOGGED. ETC. 4 LOGISTICS/MAINTENANCE MANAGEMENT
34a6 VISION RESTRICTED BY OUST. SMOKE. ETC. IN AIRCRAFT 397 OVERHAUL POLICES
347 WEATHER. OTHER THAN VISIBILrTY RESTRICTION 398 ACQUISITION POLICIES
346 EXERCISES / EVALUATIONS 399 MODIFICATION POLICIES
349 NUMEROUS TOY'S 400 ATTRITION POLICIES
350 UIPIIT MISSION DEMANDS 401 OTHER
351 CREW REST
35?2 TIME INTOCREWDUIrY DAY 5 PUBLICATIONS I PROCEDURAL GUIDANCE
337,3 SUPERVISOR' PFESSURES 402 INADEQUATE TECHNICAL DATA
354 INTERNALIZED UNIT / ORGANIZAT:ONAL ',AI UES 403 INADEQUATE WRITTEN PROCEDURES
355 RULES CONFORMANCE 404 INADECUATE/MISLEADING REGULATIONS
358 OTHER 405 INADEQUATE GRAPHIC DEPICTION

406 NOT CURRENT

C FACILITIES AND SERVICES FACTORS 407 OTHER

I AIRCREW SUPPORT E INSTITUTIONAL OR MANAGEMENT FACTORS
367 ACCESS TO DINING FACILITES
358- RESIDENCE QUARTERS I SUPERVISORY INFLUENCES
359 - CREW REST LTUARTERS 406 AVAILABILITY

0 ACCESS TO EXERCISE 409 INADEQUATE
361 _. ACCESS TO RECREATION OR LEAVE 410 PERSONALITY CONFLICT
362 ME•ICAL CARE 411 COMMAND AND CONTROL
363 . TRANSIENT MAINTENANCE 412 MODELING (IMITATIVE LEARNING)
364 D-- OUTY LOCATION SATISFACTION 413 DISCIPLINE ENFORCEMENT
36S OTHER 414 SENSITIVE TO PRESSURE

415 COMPETENCY
2 AIR TRAFFIC CONTROL 416 LACK OF FEEDOACK

366 LANGUAGE BARRIER 417 ORDERED4EDON FLIGHT BEYOND CAPABILITY
367__ INAPPROPRIATE GUIDANCE 418 OTHER
356 INACCURATE GUIDANCE
369 LACK OF NAV.AIDSiENROUTE 2 INDICATE LEVEL OF SUPERVISORY FACTOR (E.1)
370-- INADEQUATE MONITORING 419 SUPERVISOR OF FLYING371 _ OTHER 420 FLIGHT

421 SQUADRON
422 WING
423 GROUP
424 AIR DIVSION
425 NUMBERED AIR FORCE
426_ MAJOR COMIAND
427 AIR FORCE
425 OTHER

CREW POSITION/PASSENGER - LAST NAME ISHAP DATE
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FOR OFFIIAL USE ONLY: TISI A PRIVILEGED UMIED-USE REPORT. UNAUTHORIZED DISCLOSURE OF THE IFORMATION IN THIS REPO•I IS A CRIMINAL OFFENSE
PUNISHABLE UNDER ARTICLE 92. UNIFORM CODE OF MILITARY JUSTICE SEE AFR 1274, PARA 1-8 & 1-9 FOR RESTRICTIONS.

Evaluate each factor for presence and the significance of its contribution. Mark PRESENT Factors with either 0, 1, 2, 3, or 4
from contribution scale. Nf Factor NOT PRESENT leave blank, if UNKNOWN if factor PRESENT mark with "U".

0 1 2 3 4
NONE I I I I I DEFINITE
DISCUSS PRESENT FACTORS IN THE HUMAN FACTORS PORTION OF THE NARRATIVE

3 TRAINING ISSUES I PROGRAMS
429 INA[ECUATE INSTRUMENT TRAINING FaCTOR -a'1"A@•]08NQ
430 INSTRUMENT REFRESHER COURSE
431 LOST WINGMAN TRAINING COMPLETE THE MATRIX BELOW AFTER RESPONDING TO ALL THE
432 RADAR TRAIL DEPARTURE / RECOVERY INDIVIDUAL AND ENVIRONMENTAL FACTORS. THIS AREA WILL
433 SIMULATOR / PTT I CPT4334 LOW LEVEL ALLOW YOU TO ESTABLISH RELATIONSHIPS BETWEEN FACTORS.

435 NIGHT
436 NIGHT VISION GOGGLES RANK ORDER ALL FACTORS (BY NUMBER) THAT DEFINITELY
437 WEAPONS EMPLOYMENT/ RANGE CONTRIBUTED. (-MARKED 41. FROM THE TOP DOWN IN THE LEFT
438 FORMATION COLUMN.
439 PROCEDURES / CHECKLIST DISCIPLINE
440-.- LIFE SUPPORT i PERSONAL EQUIPMENT THEN, IN EACH ROW UST ANY FACTORS RELATED TO THAT
441 PHYSIOLOGICAL/CENTRIFUGES-O DEFINITE FACTOR, AGAIN IN RANK CRDER OF RELATIONSHIP
442 NO TRAINING FOR TASK ATTEMPTED HIGE TO LOWES ( L ANK TO RIGHT)I
443 FLIR (SYSTEMS) HIGHEST TO LOWEST (ILEFT To RIGHT).
444_ OTHER__ .... ..-- -

.. __ -EXAMPLE:

4 INDICATE WHERE TRAINING FACTORS OCCURRED
44S __ _ UPTiUNT/UHI DEFINiTE FACTCR FANK ORDER CO RELA TED FACTCOPS

446 _ LIFT 113 140. 137. 165
447 R1U 262
448 _ LOCAL CHECKOUT
449 AMOTi MOT The evaluator is expressing that 113 is the GREATEST 1
450 - CCNTi.LJUATICN TRAINING contributing factor, and is MOST re!ated to 140, and is I
451._ OTHER _.. . LESS related to 137, and is LEAST related to 165. 175 i

EVALUATION / PROMOTION / UPGRADE ISSUES has less contribution than 113. 262 Is related to 175.
452 OFFICER EVALUATIoN SYSTEM
4'•3 UPGRADE PRESSURE DEFNITE FACTOR RANKORDEROFRELATED FACTORS
454 __ SiJPERVSO OF FLYING HIG'EST HIGHEST LOWEST
lS __ FLIGHT LEAD
456 MISSION COMANCER
-57 INSTRUCTORi FXAd.AT:NLR
4',4 RANZE OFFICER
45) RUNWAY SU-ERV:SORY OFFICEP
-'.§0 ___ OThER_.. . .. .

6 WORKLOAD
45 AODTIONAL CUTIES

4e2 _POFESSIONAL ,MILITAfiY EO:CA I ON
at3 __ OTI-ER ACADE MIC [NI.P LMENT
4C4 SL, PERVISOR 0AASKING
45 _ OTl'ER

7 UNIT PERCEPTIONS OF EOUIPM, ENT
!,% LACK CF CONFIDENCE IN CCUIPMFN1
4637_ IACK OF CONFICDNIENC IN AIRCRAFT

LACK OF COý:F F-CENCE IN ESCAPE SvST[MS
4e; U.I;T PIt'."NNG TO CG"ACTiVATE
.To ,ANING U!SSION AII'CIIAFT
,t' CrR -_________

LOWEST
IF NEEDED, CONTINUE WITH RELATIONSHIPS ON THE BACK.

. POSI IrN/PASSENGER i.ZAsT NAME', SSAN MISHAP DATE
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FOR OFFICIAL USE ONLY: THIS iSAPRIVILEGED UMITED-USE REPORT, UNAUTHORIZED DISCLOSURE OF THE IIWORMATiON IN THIS REPORT IS A CRIMINAL OFFENSE
PUNISHABLE UNDER ARTICLE 92, UNIFORM CODE OF MILITARY JUSTICE SEE AFR 127.4, PARA 1-8 & 1-9 FOR RESTRICTIONS.

4. LIFE SUPPORT EQUIPMENT CODE CONDITION / PROBLEM
a. PERSONAL, SURVIVAL, & ESCAPEEQUPME01O ACTUATED AUTOMATICALLY
EQUIPMENT 02 ACTUATED BY ANOTHER PERSON

ENTER INFORMATION ON EQUIPMENT LISTED 03 BOTH SIDES FAILED TO AUTO ACTUATE
ENTE INFORMATEION ON EQLUNCTIPMEDONT L04 LEFT OR RIGHT AUTOMATIC INFLATION
AND INDICATE IF IT MALFUNCTIONED, CON- 05 LEFT OR RIGHT SIDE FAILED TO AUTO ACTUATE
TRIBUTED TO THE INJURIES OF THIS PERSON, 06 DIFFICULT ACTUATION
OR WAS USEFUL. ENTER UNIT MDR NUMBER 07 FAILED ACTUATOR
IF SUBMITTED. 08 INADVERTENT ACTUATION

09 ADDED TO INJURIES
ITEM DESCRIPTION (SPECIFY TYPE I NUMBER) MDR 0 CODE(S) 0 CDUED TO INJUR Y
CLOTHING 10 CONTRIMUTED TO INJURY
FLIGHT SUIT 11 MINIMIZED INJURIES
FLIGHT GLOVES 12 PRODUCED INJURIES13 USE HAMPERED BY INJURY
BoOrS 14 AIDED IN RESCUE/SURVIVAL
ANTI EXPOSURE SUIT 15 DETRACTED FROM RESCUE/SURVIVAL

16 BEYOND REACH
HELMET 17 BURNED

18 curF
Before During During 19 CUTIGE
Emerge- Egress PLF 1 AAE

CiliN STRAP FASTENED 20 DELAYED IN USING
21 DESIGN rEFICrENCY

NAPE STRAP SECURE 22 DESTROYED
23 DIFFICULT CONNECTION

. Dua 24 DIFFICULT RELEASE
An.: Yes Snug. V, No. N. Unkz U. Yes but loose. L 25 DIFFICULT RESTRAINT

CXIGEN MASK 26 DIFFICULTY LOCATING
27 DISCARDED

OXYGEN REGULATOR 28 DONNING/REMOVAL PROBLEM
OXYGEN SUPPLY .,OURCEPRESSURE 29 ENTANGLEMENT

30 ENTI NGLEMENT WITH AIRCRAFT
LFE PIlESERVER (LPU) 31 ENTANGLEMENT WITH EJECTION SEAT

32 ENTANGLEMENT WITH PARACHUTE
AUTO INFLATOR 33 FAILED
EJECTION SEAT 34 FAILED CONNECTION

35 FAILED RELEASE
AIFC ESICHECKM-ANUFACTURER) MOA II WEi3rR 11 36 FAILED RESTRAINTSEAT RESTiqAINT(G) 37 INADVERTENT RELEASE

IiAP:-ESS 38 INSTALLATION ERROR
39 LANDED ON UNDEPLOYED SURVIVAL KIT

PARACHUTE 40 LEAKED
AUTO ACTUATOR 41 LOST

O A42 MATERIEL DEFICIENCY

SUIv.% KIT i VEST 43 NON-STANDARD CONFIGURATION
44 NOT AVAILABLE

LI -E -M T 45 OPERATED PARTIALLY

-Ao•.IIs) 46 POOR FIT
47 PUNCTURED

C SEI:C) 48 TORN
,,GillVISION GOGGLES- DEVICES 49 NOT USED PROPERLY- HAD TRAINING

viIS~ION GOGGLES I DEVKES 50 NOT USED PROPERLY- NO TRAINING

C•'ee adI,:onaI oam,f i.nvold 51 USE HAMPERED BY COLD
*A'dl G.-SUI r/ PRESSURI SUIT 52 USE HAMPERED BY OTHER EQUIPMENT
ANTI G _ _ _ _ _ _ ( 53 USE HAMPERED BY WATER

54 USE UNFAMILIAR

ENVIRONMENTAL CONTROL SYSTEM 55 FAULTY PREPARATION OF EQUIPMENT BY AIRCREW
P__RE SCRIPTI GLASSES_- 56 FAULTY PREPARATION OF EQUIPMENT BY

I LTECHNICIAN

_ _ __._ - 57 MAINTENANCL ERROR
58 UNAUTHORIZED MODIFICATION TO EQUIPMENT
59 NOT REQUIRED BUT NEEDED
60 OTHER

OI.ERF .XAMPLES:ELECTP•OPTICAL DEVCES.CIEWMCAL DEFENSE GEAR. COMMENT ON IDENTIFIED EQUIPMENT
ITTAG3. BOIOYARMOR. PElSONALLOWS-AINGODEVICE.ETC. PROBLEMS IN THE LIFE SUPPORT NARRATIVE.

CREW POSITION/PASSENGER LAST NAME -- SSAN MISHAP DATE
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FO OFFICIAL USE ONLY: THIS IS A PRIVIEGE•D LIUTED-USE REPORT. UNAUTHORIZED DISCLOSURE OF THE INFORMATION IN THIS REPORT IS A CRIMIArLFFJ&
PUNISHABLE UNDER ARTICLE 92, UNIFORM CODE OF MILITARY JUSTICE. SEE AFR 127-4, PARA 1-8 & 1-9 FOR RESTRICTIONS.

4. b. ESCAPE DECISION AND DATA (j) ESCAPE INTENTION
I INTENTIONAL. OTHER-INDUCED

(1) LOCATION IN AIRCRAFT 2 INTENTIONAL. SELF-INDUCED
(CREW/PASSENGER SEATING) 3 UNINTENTIONAL. MECHANICAL

4 UNINTENTIONAL, OTHER-INDUCED

(A) LOCATION (B) LONGITUDINAL LOCATION s5 INTENTUNIONAL wSELFINDUCED

1 COCKPIT CONTROL AREA I FORWARD
2-- NAVIGATOR/ENGINEER AREA 2 CENTER (4) REASONS FOR ESCAPE
3 CABIN/PASSENGER AREA 3 AFT (MARK ALL THAT APPLY)

4 OTHFR _ _ 4. UNKNOWN 1 ARRESTMENT FAILURE
S UNKNOWN 2 ENGINE FAILURE

3 FIRE OR EXPLOSION

(C) LATERAL LOCATION (D) DIRECTION FACING 4 FUEL EXHAUSTION
4- WATER IMPACT

1 CENTER 1 FORWARD 6 DEPARTED PREPARED SURFACE
2 LEFT SIDE 2 AFT 7 LOSS OF CONTROL

37- RIGHT SIDE 3. SIDEWARD 8-_ MID-AIR COLLISION
4 UNKNOWN 4 UNKNOWN 9 STRUCTURAL FAILURE

- 10 IMPACT WITH GROUND OR STRUCTURE
11 UNKNOWN IMPACT

(E) USEOFSEAT 12 OTHER

I NOT IN SEAT
2 IN SEAT (5) EXIT USED
3 BUNK 1N __ NORMAL EXIT
4 UNKNOWN 2 EMERGENCY EXIT

3 EXIT THROUGH CANOPY

(2) ESCAPE METHOD 4 NORMAL EJECTION
5 UNKNOWN
6 OTHER_____

(A) BY EJECTION 
6- OE

(6) DELAY IN INITIATING ESCAPE DUE TO:
1 ACCOMPLISHED (MARK ALL THAT APPLY, SEQUENCE BY NUMBER)
2 INITIATED •DID NOT CLEAR COCKPIT)
3 ATTEMPTED BUT INITIATION FAILED I__ ADVERSE AIRCRAFT ATTITUDE
4 ATTEMPTED BUT SEQUENCING FAILED 2.__ ADVERSE BODY POSITIONS3 ATTEMPTING TO CVFRCOME PROBLEM
5 INADVERTENT EJECTION 4_ AVOIDING POPULATED AREAS

6 UNDERWATER EJECTION S AVOIDING UNSUITABLE TERRAIN
7 UNKNOWN IF ATTEMPT WAS MADE 6 EXCESSIVE AIRSPEED
8-- SUSPECTED EJECTION 7 EXCESSIVE A.TITUDE

8 - INSUFFICIENr ALTITUDE
9 DEFINITELY NOT AT-TEMPTED 9 UNKNOWN

10 SEAT EJECTED ON IMPACT 1c __ NONE
I1, I OTHER

(B) BY BAILOUT (7) WAS DELAY IN INITIATING ESCAPE:

1 ACCOMPLISHED (FREE OF AIRCRAFT) 1 __ APPROPRIATE
2 ATTEMPTED (NOT ACCOMPLISHED) 2 EXCESSIVE
3 PAILED OUT AFTER EJECTION 3 __ UNKNOWN

ATTEMPT FAILED 4 O. HER

4 UNKNOWN IF AT-TEMPT WAS MADE
5 SUSPECTED BAILOUT (8) TIME FROM ONSET OF EMERGENCY UNTIL
6 DEFINITELY NOT -TTEMPTED ESCAPE ATTEMPT INITIATED.

(C) BY OTHER MEANS HOURS

I EMERGENCY GROUND EGREiS MINUTES

2 UNDERWATER EGRESS (NOT EJECTION) SECONDS

3 DID NOT ESCAPE
4 EXIT UNASSISTED (OTHER THAN #i) (9) COCKPIT CONDITION AF1 ER IMPACT
5 CARRIED/ASSISTED OUT
6 BLOWN/THROWN OUT 1 NO DAMAGE

7 JUMPED-ELL FROM AIRCRAFT IN FLIGHT 2 MINOR DAMAGE (DEFINITELY HABITABLE)
8-- UNKNOWN IF ESCAPE ACCOMPLISHED 3 INTACT (PROBABLY HABITABLE)
9 ESCAPE METHOD UNKNOWN 4 MAJOR DAMAGE (PROBABLY NOT HABITABLE)

5 DESTROYED (DEFINITELY NOT HABITABLE)
6 UNKNOWN
7 AIRCRAFT ABANDONED IN-FLIGHT

CREW POSITION/PASSENGER LAST NAME SSAN MISHAP DATE
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SFOR OFF]CALUSE ONLY: THIS IS A PRIVILEGED LIMITED-USE REPORT, UNAUTHORIZED DISCLOSURE OF THE INFORMATION IN THIS REPORT IS A CRIMINAL OFFENSE
PUNISHABLE UNDER ARTICLE 92, UNIFORM CODE OF MILITARY JUSTICE. SEE AFR 127-4. PARA 1-8 & 1-9 FOR RESTRICTIONS.

4. c. EGRESS DIFFICULTIES

PLACE AN "X" IN THE APPLICABLE COLUMN
TO INDICATE IF THE PROBLEM DEVELOPED
BEFORE "B", DURING D", OR AFTER "A" EGRESS
(APPLIES TO ALL AIRCRAFT)

AIR GROUND WATER
e D A B D A B DIA

1. ANTHROPOMETRIC PROBLEM _

2. BUFFETING
3. CANOPY JETTISON FAILURE (Aulomalc ModeI
4. CANOPY JETTISON PROBLEM
S. COLD
6. CONFUSION/PANIC/ DISORIENTATION I
7. COULD NOT OPEN CANOPY / HATCH
a DARKNESS /NO VISUAL REFERENCE I

9. DIFFICULTY LOCATING CANOPY JETTISON MECHANISM [ZIZj
10. DIFFICULTY REACHING HATCHE.IT - AIRCRAFT ATTITUDE :
Ii. OIFFICULTY REACHING HATCH/EXIT - EQOLIPMi.NT HANG-UP

12 DIFFICULTY REACHING IIATCIi'EXIT - IJURIES
13. DIFFICULTY REACHING HATCI/EXIT - OBSTRUCTIONS

4. DIFFICULTY RELEASING CANOPY / HATCH
15. DIFFICULTY RELEASING RESTRAINTS
16. DROGUE SIUG STRLICK PERSON
17 DROGUE SLUG SV2INGIN,
I18. EJECTION HANDLE FAILED TO ACTIVATE SEAT
19. EJECTION HANDLE PROBLEM (Locamn-, Real.- . etc.)
20. FACE CURTAIN FAILED TO ACTIVATE
21, FACE CURTAIN PROBLEM (Loc.ating. Reacni.g, etc.) I -- T
22. FAILURE OF LAP BELT __

72j FAILURE TO RELEASE CANOPv/ HA TCH _ _ _

24. FIRE/SMIOKE FU!MES

25. FLAILING - LOWER EXTQEMITIES
25, FLAILING - UPPER EXTREMI TIES
27. G FORCES
28. HAPAPERED BY CLOIKHiI.
. HAMPE RED BY EOUIPMENT (IncLud'ng Body ABma I

30 HAMPEPED BY INJURIES
31. INADVERTENT OPENING OF LAP GELi
32. INDIVUIIAL STRUCK BY OTHER ECUIPIENT
* 20NRUSING WATrER _ _ _ _ _

34. LIFE SUPPORT EQUIPMENT FACTOR :Nat hang-up)
35 LOWER EXTREMITIES HIT COCKPIT STRLCTURES
36 PARACHUTE CANOPY STREA:/ED / ?,"LFUNCTr , UED
37. PARACHUTE CONTAINER DID NJTc OPENI i

38 PARACHUTE LINE OVER/ INVERSION SEMI.INVFRSIOffII
39 PARACHUTE RISEF INIFRFERCNCE ___ ____

40 PERSOIEJTALEO 0 IAA: T LANVAPO
41 FLRSCNr-FLD CNT0 SEAT

42. PERSbb IiLiJCK CNOPY ICAIIOPY OW V)
*41 P,NNEDINA;PCIIAFT I •oI6*QL. '•t i JOi i I
44 SEAT FAttEDTOFiPE _____

4.S SEAT LEFT IN SAFEDCONcITiON
46 SEAT SE PA RA ID;Or ()IIF ICFL TY

1 47. AT I PARAC ILU1 Ft EANGI I- E I N T
48 SMAT; PERSC.I COLLISICN - i _ _

49 STRUCK EXTERIOR SURFACE CI AIICIVAT T I____

T., TUIVJLING / SPINNING tPerson andO / or soan 7

5 1 UNAUTH ORI•ZD• OFIurMENT (0, modfIOn DI)
I 5, U.NC,,•scOus, 5Aar)

*;3-I UPPER X x PE AFTR TEMTIS tT COCKPIT ST RUCTUPE S
s4 wINr.LAS r
55 NONE
"" . OTHER

CIheer Exý.mp~es ENVIRONMENTAL SENSOR FAILED. DROGUE CANOPY OPERATED IN MODE ONE, ETC.

CqEW POSIT ION,-PASSE NGER ] LAST NAME T SSAN MSHAP DATE
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4.d J C INP R M T R 4.1 SInkAF PRate ER ATTIMEOF(Et/mP)

7.ihe Rnight brafte cras,_dtchig,_tc.

(2) WADPSITHEZEON DEAY EJETINYADAFCO?8 etbn_____

YE Optimal NO2__ I E xli nnraie . Airspee Invrte

10. ______6 Nose down si

(3) ORDER OF ESCAPE #___ OF ___11. ___ Flat spin
12. -Oscl!la:ing spin

()NUMBER OF PREVIOUS EjECTIONS ____13. -Tumbliq'

14.___ Mushirg

(5) 1.O0E OF SEAT OPERATION ___(ACES !I ONLY) is1. ___ Disirnte grating
16. ___ RcIling

(6) REMOVAL OF AIRCRAFTCANOPY I 17. - Olher______________
(Mark all that ap~Iy) 18. ___Unknowvn

I-Intantional 19. Rate ci roll ___ sec
2 -Urnintentional 20. Rate oaf pitch - ~'Sac
3 -uinknown if intended 21. Rate of yaw 0/sec
4_ ey ti~s individual 1 22. G Forces: (estimated) X Y Z
5 By another individual 2.I jcina.ce E ___N ___U

6 By unknown moans ____ K
7 Dfintel atempsd24. Balow/ Minimum Safe Parachute Attitude?

7 Dfiitlyater~p&dYES ___NO __UN __
8 No, attempted ___ __

49 Unkncwn if artemp'ttd
16___ Suc~essflu

II- UnsucceassJ '4. e. PARACHUTE DESCENT DATA
I ?___ 'sing automnatic sequence
%3__ Using ntanua! release
14- Due to external force texplain) _____COME' FmP THIS SECTION ONI V

-~_ Cie to other madt.cd ýexptain) IF____ A PA___CHUTE_________________
16_ Hinge !a~lure IF) GEEAL DATACH~DSET PE

(7) POSITION OF EJECTION SEAT '~GN~LDT
I Fll p errinclearance at Itim-e of parachute opening______ (AGL)

2-F- onNumber cf previous parachute descents________

3-__ FLuit forward Total weight under parachute_____________
4- Full alt Surface winds (magnet'c~knots)

5-r',rme(tiate ocsition IDragged by chute? ___YES ___NO___UK

6-JkonDistance dragged in Y1ARDbS _________

~~ 00 c~r rot t~~ecarate Time dragged in SECONDS_____________
jý .c:!OCF MA,,,,;-E,ýT SwPARAT!ON AFSEAWARS INSTALLED? ___YES ___NO ___UNK

3 Ma~tci/rnu, 1(2) METHOD OF DEPLOYiNG PARACHUTE
4 Crver 'expiain) ______ Not dp'cvad

2__ Autoialt.c Main

3 VETHOD1 C-F &~EC ION 1INITIATICN 3 Manuai Main
I N__*rm rest 4 Autcmat'c Reserve

2 Fwp curt-r. 5 Mantual Reserve
3 L:)we ejqcnincn hardie 6 Unknown
4- Cenrnmand sequrencex 7 O*ther
5- 'm1pact
6 - t (3) PARACHUTE OPENING SHOCK
7__ MachanicaI w4r I__ Negfirib~e
it-_ External force texpia~n) 2 Mdrt

9 tnknwx~3 Severe

i t AUTOMATIC LAP BELT RELEASE 4 Unknown
I ___ not rpetOAror raeine

____ R~oleae ziutonaticaily as desigied.
Cipeend mianually

A Ope-iod Inadvertently
5___ Not con,,acted
5__ Unknown 'ýow roleased

7- .4Inown if re~easeýd________________________________

PEJ OSIT l0HIPAGSE NGER LAST NAME SAIN MISHAP DATE
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FOFFICIAL USE ONLY: THIS IS A PRIVILEGED AMITED-USE REPORT. UNAUTHORIZED'DISClOSURE OF THE I]fORMATION IN THIS REPORT IS A CRIMINAL OFFERSE
PUNISHABLE UNDER ARTICLE 92, UNIFORM CODE OF MILITARY JUSTICE SEE AFR 127-4. PARA 1-8 & 1-9 FOR RESTRICTIONS.

(4) SEQUENCE OF ACTIONS ACCOMPLISHED (10) -TERRAIN OF PARACHUTE LANDING
(Number in order only i used) (Indicate all that apply)

BEFORE AFTER I_ Deep snow
LANDING LANDING 2__ Dense woods

1 Helmet visor raised 3 Hard ground

2 osygen mask released-Manual 4 In tees

3 Oxygen mask released-Automatic S_,_ Through trees

4 Life preserver Actuated-Manual 6 Lake.

5 Lifl preserver Actuated-Automatic 7 MamhlSwamp/Mud

6 Survival kit deployed-Manualc 117- River

7 Survival kit deployed-Automat 97 Rocks

8 Four-line release pulled 1Do-- Runway overrun

9 Life raft actuated-Manual 111 Sea/Ocean

10 Life raft actuated-Automatlic 12 Soft ground

11 Canopy releases actuated-Manual , 13 Steep slopes

12 Canopy releases actuated-Automatic 14 Structure

13 Helmet removed '15 Inlnear power lines

14 Gloves removed 16 Unknown
15 Closed canopy releases 17 Other

16 Boarded life raft
17 Other

5. SURVIVAL AND RESCUE DATA
(5) OSCILLATIONS DURING DESCENT

(Usecodes: N = Negligible. M = Moderate. a. GENERAL AND NOTIFICATION DATA
S . Severe, U = Unknown)

1 Before 4-tine release
2 After 4-line release (1) TIME SEQUENCE OF EVENTS
3 Without 4-line release INDICATE TOTAL TIME IN DAYS, HOURS, AND MINUTES
4 - Increased by survival kit deployment Total time from mishap to rescue completed (Individual aboard

(6) PARACHUTE LANDING TECHNIQUES rescue vehicle or abandoned)

(Indicate all that apply) Total time from rescue notification to rescue completed

1 Could not see
2 Looking at horizon Te spent in the water wihout raft
3 Looking down
4 Proper PLF
5 Fell backward Time spent in life raft
6 Fell forward Total search and rescue time
7 Muscles tensed
8 Muscles too tense Did injuries or death result from delayed SAR effort?
9 Knees together
0- Proper arm position YES O N O(Explain in narrative)

1 _ Nubr SAR Report Athached YES NO

(7) PARACHUTE DAMAGE ()(2) UNITSEHICLES THAT PARTICIPATED IN RESCUE

1 __ Severed suspension lines (a) PRIMARY RESCUE VEHICLE
Torn panels-minor Type rescue vehicle Unit

3 __ Tom pan,•ls-major Experienced problems? YES __ NO
4 Missing pa,,els Nautical miles from departure base to rescue site

5 Twisted Risers
6 uOter (b) ASSIST VEHICLE(S)

(1) Number of other rescue vehicles used.

(8) CAUSE OF PARACHUTE DAMAGE (2) Type vehicle _ Unit
-_Dr gfter PLF Experienced problems? YES _ NO"

Dragging .termPL (3) Type vehicle Unit

3__ Fouled cn aircraft Experienced problems? YES -NO
3 Fouled on aectinat (4) Type vehicle Unit_
-_ Landing Experienced problems? YES _ NO

Opening Shock
7 Trees (3) WEATHER CONDITIONS AT TIME OF RESCUE
8 Chemica 1 Clear
9- Unknown 2 Fog

16 othOer 3 Hail
4_ Overcast

(9) DIRECT" FACED AT PARACHUTE LANDING Rain

I () DRECION6 Snow
COMPARED TO DESCENT TRAVEL DIRECTION 7 Thunderxorms1 Directly lacing7--Thnesom
I2 Directly sieways 8 Surface winds knots/ 0
3 Bactward saying 10 Visibility (miles)_ Ceiling (ft)_ _ _

4 Quartering Towards 11 Temperaturein degrees F: Water *F Air __F__*

5 OuanerMng Away 12 WaveHeight _ Feet Wave Frequency__
6 Unknown per / min.

CREW POSITION/PASSENGER LAST NAME SSAN MISHAP DATE
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FOR OFFICIAL USE ONLY: THIS IS A PRIVILEGED LIMITED-E REPORT, UINAUITHORIZED DSCOSREOFTEIORAINITHSEPT S RMNAOFNE'

PUNISHABLE UNDER ARTICLE 92M UNIFORM CODE OF MIUTARY JUSTCE. SEE AFR 127_4. PAPA 1-11-9 FOR RESTRICTIONS O

(4) ALERTING COMMUNICATIONS PROBLEMS (2) PROBLEMS THAT COMPLICATED RESCUE OPERATIONS1 Aircraft rado/IFF Inoperative 1 Communication

2 Incompatible radio frequencies 
21 Daumness

3 Language problems 3q_ Entrapment in aircraft
4 Poor radio procedures 4___ Equipment Falure
5 Locater Beacon Malfunction 5 Fre/Explosion
6 Poor radio reception/trans 6 Slowed- by helicopter downwash
7 Telephone busy/INOP 7 Weather
8 Poor message reception 8 None
9_ None 9._ Hampered by personal equipment
10__Other 10 Inadequacy I Lack of medical equipment

11 Inadequacy / Lack of rescue equipment
(5) RESCUE ALERTING MEANS 12 Inadequacy I Lack of rescue personnel training(Number in sequence) 13 Inadequacy I Lack of rescue vehicle

1 Airborne radio relay 14 Panic / Inappropriate actions of survivor
2 Crash phone 15 Topography - Rough seas. mins. etc.
4 Other phone 16 Survivor dragged I entangled with parachute
4 Loss of radio contact 17 Other
5 Overdue report
C Loss of RADAR surveillance (3) LOCATOR MEANS ( Number in sequence)
7.- Radoh MAYDAY call 1 Dye marker 16. Aircraft radio after mishap
8__ Smoke/Fire/Crash report 2. Rare-hand held 17.._ Fire/Smoke/Smoke flare
9 Survival radio 3._.Flashlight 18 Flare - pen gun type

10 Other radio report 4_ Gunfire 19.Fightsuit-Helmet
II Satellite report 5.__Mirror 20 Individual located without aid of signals
12 Survival locater beacon 6 Parachute 21 Mishap observed
13 Survivor report 7 Radar chaff 22 Mishap site located without signals
14 Visual signal 8.Signal wand 23.Other aircraft directed rescue personnel
15 Witnessed 9 Sona buoy 24 Personnel locater beacon
16 Other t.O Strobe fight 25 Radio or radar vector or OF steer

I t Survival radio 26 Raft/VesVPoncho
(6) DELAYS IN DEPARTURE OF RESCUE VEHICLES 12 Tracers 27. Signal(built by survivorfiremarkings etc.)

1 Communications INOP 13 Very pistol 28 Survivor located rescuers
2 Completing previous mission 14 Voice 29. Walkie-Talkie or other FM radio
3 Crew not available 15 Whistle 30 _Other
4 No crash site information
5 Operator not availahle (4) INDIVIDUAL SURVIVAL PROBLEMS ENCOUNTERED
6 Vehicle not ready 1- Darkness 9 Confused/Dazed/Disoriented
7 Adverse Weather 2 Exposure 10 Entanglement (Not parachute)
8 Other___ 3 Fatigue 11 Inadequati cold weather gear
g None 4 Injured 12 Inadequate flotation gear

5 Thirst 13 Lack of signalling equipment
(7) RESCUE VEHICLE PROBLEMS ENROUTE 6 Topography 14 Lack of other equipment

2t Unforeast Headwind 7 Weather 15 Unfamiliar with prooedurcs/equip
2 Nigh sea state 8 None 16 Other
3 Mechanical problems
4 Nature of terrain (5) RESCUE EOUIPMENT USED (Number in sequence)
5 Other Obstructions I- Basket
6 Low/Poor visibility 2 Ladder
7 Rescuers lost 34 Ufe Ring
8 Adverse Weather 4 Raft
9 Low coiling 5 Rope
0 None 6._ Sling

11 Other 7_________ Stretcher
8 First aid equipment

SURVIVAL AND RESCUE DIFFICULTIES 09 Helicopter platform
10-- Helicopter rescue boom
11 Knife/Axe/Saw

IPROBLEMS LOCATING SURVIVOR 12 Make-shift carrier support
2 Fog/Caronds 13 Tree penetrator seat
2 Fog/Clouds 14• Horse collar

3 Heavy seas 15 Other_______

4 Trees
5 Precipitation
6 Radio interference (6) FACTORS THAT AIDED RESCUE/RECOVERY
7 None I Aircraft emergency escape system/design
8- Could not visually distinguish survivor from terrain 2 Availability of rescue equipment
4 Inadequate/Improper search 3 Coordination of rescue efforts
tO_ Lack of correct inlormation on survivor location 4 Personal equipment releases/actuators
11 Loss of rd'o/Fadar contact 5.__ Rescue personnel training

12 Malfunction of Direction Findingequipment 06_ Rescue procedures/ pro-accident plans13 Safuntivon faDired etion F signding equipment 7 Suitability of equipment

13 Survivor faIlod / unable to use signaling equipment 8 Survivor's techniques
14 Survivo" Improperly used signaling equipment 9 Training of survivor
15 Other__ __Other

CREW POSITJON/PASSENGER [ LAST NAME SSAN IISHAP DATE

AF Fom 71 IgA (previous editions obsolete) FOR LIMITED USE ONLY
Aug 89



3-18

FOT OFFICIAL USE ONLY: THIS S A PRIVEGED LIMITED-USE REPORT. UNAUTHORIZED DISCLOSURE OF THE INFORMATION IN THIS REPORT IS A CRIMINAL OFFENSE
PUNISHABLE UNDER ARTICLE 92, UNIFORM COOD OF MILITARY JUSTICE. SEE AFR 127-4, PARA 1- & 1.9 FOR RESTRICTIONS.

(7) INDIVICUALS PHYSICAL CONDITION b. LIFE SUPPORT OFFICER
Times: After Mishap=AM. During Rescue=DR. Alter Rcscue=AR

TIMES AM DR AR Name and Grade
1 Fully functional
2 Partially functional Duty Station
3 Immobile/unconscious4 Fatal Did your life support training help you complete the

5 Unknown / Lost investigation? -_YES _ NO ( Explain in narrative)

Date of report

6. TRAINING Autovon Phone

a. EJECTION SEAT/PARACHUTE TRAINING NUMBER of PREVIOUS INVESTIGATIONS

(Required for those who used an ejection seat/capsulh or made a
parachute descent and Landing) Signature

IF DATES UNKNOWN / NOT AVAILABLE. WAS TRAINING EVER
COMPLETED7 Y=YES. N=NO. U=UNKNOWN

DATE OF LAST TNG VALUE OF TNG c. OTHER LIFE SCIENCE CONSULTANTS

(monthbyear) (use codes) Name and Grade

UNARMED EJECTION SEAT Duty Station
ARMED SEATON TOWER Phone (AV or Comm.)

PARASAIL(LAND)

PARASAIL (WATER)
JUMP SCHOOL Name and Grade

OTHER Duty Station

b. SURVIVAL TRAIN!NG Phone (AV or Comm.)

WATER _
LAND

JUNGLE
ARCTIC 8. NARRATIVE INSTRUCTIONS

COMBATOTHER( - - The life sciences narrative Is used to describe the
circumstances surrounding the mishap. Evaluate the

c. PHYSIOLOGICAL TRAINING person for his/her 72 hour history and their 14 day life
CENTRIFU)GETNG _style. Discuss job pressures, fatigue, physical state or
P OCATRAIFUE NG state of mental, or emotional exhaustion. Explain duty

SPATIAL DISORIENTATION TNG days, non flying duties, workload, PME and advanced
EGRESS degree work.

OTHER Injuries Incurred and their causes must be discussed.

VALUE CODES
0 = No Importance; 1 . Delfnitely helped:2 = Possibiy helped; Human factors Involved must be discussed. Pay close
3 = Lack of training possible faceir; 4 Lack of training definite attention to the factors previously identified as contributing

r -t Unknown "o the mishap.

I " Life support equipment and any design deficiencies must be l
7. REPORT DOCUMENTATION discussed.
a. FLIGHT SURGEON Identify egress I election parameters and any associated

conditions.
Na~r-,-a and Grade Survival and Rescue must be discussed especially If there

is a FATALITY.

{D::Iv Station FiNDINGS need to be derived from your deliberations and
facts.

Did your training help you complete the investigation? Make RECOMMENDATIONS based on the FINDINGS and
YES __ NO -- ( Explain in narrative) recommend an OPR.

Dale of report __ Conclusions must support the findings of the mishap board.

Autovon Phone 9_U MRN S R C I N
NUMBER of PREVIOUS INVESTIGATIONS_ 9 SUMMARY INSTRUCTIONS

When your narrative Is completed write a summary of it that
Sionature does not exceed 99 lines. This summary will be entered in

Ithe computer as the human factors summary.
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THE HUMAN FACTOR PROBLEM IN THE CANADIAN FORCES AVIATION

by

Colonel J.F. David
Directorate of Flight Safety, Canadian Forces

305 Rideau Street. Constitution Building 8/FL
NDHQ Ottawa, Ontario, Canada K IA 0K2

CANADIAN FORCES (RCAF)Fifty years ago, the Air Investigation AIRCRAFT ACCIDENT RATES

Branch in the UK recognized the enigma 1954 To 1991

of dealing with Human Factor Errors.
Quote:

'Most aircraft accidents are due to 'Human
Factors' but the failure is not necessarily
solely that of the person involved in the
accident. It may be due to errors or ,-
omissions in training, to faulty design.
maintenance or to poor organization. .

While it is usually possible to decide with "
fair certainty when a mechanical failure Fig.
occurs, the human factors are often damages as well. But throughout this
obscure. There is a tendency only to look evolution, the human factor error has
for a cause and for sufficient evidence to consistently contributed to more than 83%
show whether or not the pilot was to of our losses. If we are to maintain this
blame but if all the factors which led to low plateau of losses today and/or further
the accident are to be brought out a much reduce our attrition, greater investment
more thorough survey is necessary." must be made in reducing the human

factor errors. This cannot be done
Today, fifty years later, how far have we without a more detailed investigation into
come in advancing the analysis of human this area of concern and the development
factor errors in aircraft accidents/ of a very detailed human factor error data
incidents? What have we done on a world- bank. This data bank must necessarily
wide basis to establish a meaningful human cover all aspects of the life sciences
factor data base that can be used for (psychological, sociological, physiological)
prevention of aviation losses? The answer etc.
is very simply very little.

Quality of life issues and stress play an
In the Canadian Forces, we have come a important role in our daily business. Is it
long way towards reducing aircraft losses possible to objectively assess these
(Fig. 1) through a very thorough causal concerns? We all know stress affects us
analysis system and this has translated into but how can we assess its impact on
further reductions in our minor incidents/ aircraft accidents? Is there a way of not

compromising confidential medical
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information in the formation of an The next slide covers a 10-year analysis of
unclassified international or national our ground accidents (Fig. 3); and
human factor error data base? This paper interestingly, close to 84% of the causes
is not intended to answer these questions were directly related to personnel errors.
but to reintroduce the dimension of the Similar arguments as for the previous
problem and the requirement for AGARD slide can be made for personnel
and the International community to work involvement in the "other" area, described
towards developing a human factor data on the slide.
base that is accessible and available for
developing prevention programmes. As I GROUND ACCIDENT
see it, another 50 years is too long to wait. CAUSE FACTORS

1982 - 1991
I would like to share with you a 10-year
analysis of human factor errors in the
Canadian Air Force and hopefully show
you where efforts should be concentrated
to reduce human error.

The first slide is a 10-year analysis of our
air accident cause factors (Fig. 2). Clearly, maiin 33

close to 83% of our air accidents were VMAU 105A
related to personnel failings. It could also
be argued perhaps that 50% of the F i g. 3

remaining items, such as materiel,
environment, undetermined, and FOD, Next, I would like to review all our
were personnel related. For example, did ground and air occurrences that involved
the materiel fail because of human personnel error over the previous 10
engineering problems or design problems? years and show where the major failings
Did the foreign object damage (FOD) to occurred. Fig. 4 shows the four major
the engine come as a result of somebody contributors: Flight Crew, Support
leaving a bolt or nut in the intake, or on Personnel, Management and Supervisors.
the ramp, or taxi area? Interestingly, management failings remain

fairly constant for both air and ground
AIR ACCIDENT occurrences, the other three vary

CAUSE FACTORS considerably. In the case of air
1982 - 1991 occurrences (Fig. 5), the flight crew

percentage is quite high, support personnel
second and management and supervision

vninin. still play a significant role. In the air, we
would expect the flight crew errors to be
high; obviously, because they are the ones

x who are flying the aircraft and have the
Uwmmniw 2.vx greatest opportunity to make an error. In

the case of ground occurrences (Fig. 6), we

V would expect support personnel to have

Fig. 2

1I
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the higher error rate as they are the ones PERSONNEL CAUSE FACTORS
most vulnerable and, the statistics support GROUND OCCURR1C99 S
this. Although the overall supervisory 1982 - 1991

error (Fig. 4) was approximately 10%, it uur - m. -
represented only 6% of the personnel
error in air occurrences and close to 19%
in ground occurrences (i.e. 3 times
greater).

PERSONNEL CAUSE FACTORS
AIR AND GROUND OCCURRENCES

1982 - 1991 Fig. 6

- - .mLet's take a closer look at the 4 areas of
concern where personnel play a role in

in mf nVm am contributing to accidents.

Managetment - (LCol and above)

4L Clearly management's ability to
communicate effectively with those who
support them would appear to be a major

F gIVproblem (44%) in air occurrences (Fig. 7).
Fi g. • Judgement and resources are equally

divided, however combined, they
represent close to 49% of the management

PERSONNEL CAUSE FACTORS problems. The majority of these involve
AM OCCURRENCiES decisions on where money should be spent,

1982 - 1991 whether or not resources should be made
available in a timely manner, as well as
decisions that involve delaying
modifications to aircraft. Obviously, the

4SV. timeliness of decisions and provision of
resources play an important role.
In the case of ground occurrences, (Fig. 8)
there is even a greater management info/
Communication problem with the
technicians working on the aircraft (59%
vice 44%). Once again, lack of resources

Fig. 5contribute significantly, however,
judgement error has dropped by 70%.
The show-stopper message to management
is that money and effort must be spent in
improving basic communication
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procedures, i.e. spend on the greatest
problem area first especially when you
cannot provide the resources. When we take a look at the broad base

supervisory level from LCol to MCpl, it is
clear that inattenion is a major failing. In

MA CAUSE FACTORS the case of the ground occurrences, (Fig. 9)
AGM OCCURRENCS inattention and judgement are major areas

1982 - 1991 of concern and like air operations, (Fig. 10)
carelessness and complacency combine to
represent close to 20% of the supervisory
error.

SUPERVISION CAUSE FACTORS
GROUND OCCURRENCES

S '•1982 - 1991

m La

Fig. 7

"MANAGEMENT CAUSE FACTORS
GROUND OCCURRENCES

1982 - 1991

* Fig. 9

SUPERVISION CAUSE FACTORS
AIR OCCURRENCES

1982 - 1991

-020f TAX3 or LIS

Fig. 8

SmP

Fig. 10
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In analyzing flight crew error (the 38% When we look at the support personnel
problem), it becomes abundantly clear that cause factors in air occurrences (Fig. 13),

inattention, technique and judgement are inattention and technique are the major
major areas of error in air occurrences contributors. When we look at the ground
(Fig. 11) and when we take a look at flight occurrences (Fig. 14), for the same group
crew cause factors in ground occurrences, of people, inattention, carelessness,
(Fig. 12) inattention is almost double, technique and judgement are high.
judgement is increased, and technique is
reduced by more than 75%. Are people With respect to the overall number of
bored by taxiing the aircraft? Or is the mishaps, both for on the ground and in the
task considered of such little importance air, close to 62% of the human error is
by flight crews that the attention afforded contributed by non-flight crew. This is
is truly inappropriate for the tasking? important to consider in developing

preventative measures; however one must
keep in mind that 80% of the big dollar

FLIGUT CREW CAUSE FACTORS losses are associated with flight crew
AIR OCCURRENCES error.

1982 - 1991 SUPPORT PERS CAUSE FACTORS
AIR OCCURRENCES

1982 - 1991

M 4144 TAX

inSSM LIE 35./Mm M

Fig. 11 
Y I P -

FUGHT CREW CAUSE FACTORS Fig. 13
GROUND OCCURRENCES

1982 - 1991 SUPPORT PERS CAUSE FACTORS
GROUND OCCURRENCES

u w 1982 - 1991

55 LM -

Smm m *

Fig. 12 • .AMoýA

Fig. 14
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Importance of Air Crew Trainin2
- of NATO AIR FORCES (EUROPE)

115TM A/C CUMUIATIVU ATrMTION XATZ8
In 1989, the Directorate of Flight Safety a a 'v "o I JAN as
CF completed an analysis of aircraft losses m .am vuaiu
in NATO (Fig. 15) and superimposed the -
annual mean flight hours invested per pilot -
(Fig. 16). This study was restricted to £ ,

European based operations only, where ji
mission taskings and environmental I 100
considerations were relatively neutral for
all air forces. As figure 16 shows, there
would appear to be a direct relationship
between training and attrition. The better s-o - -&- , mA ,- m--,-- W "
the investment in training, the lower the OW= M----
attrition rate (make a minimum investment F i g. 15
now or pay larger sums later).

Notwithstanding this relationship, there Human Factor Checklists
appears to be overwhelming pressure to
reduce training expenditures as part of the The Canadian Air Force developed a
current peace dividend. Therefore, it human factor checklist for aircraft
makes even more sense today to try and accident investigation over forty years
transfer some of the inevitable "training ago. It has been the basis for the
savings" into human factor analysis and development of similar programmes in
monitoring to hopefully reduce the human ICAO and a majority of NATO air forces.
factor errors in aviation mishaps. Despite this focussed approach to human

factor errors, we have never created a
human factor data base and have,

NATO AIR FORCES (EUROPE) therefore, compromised our ability to
MInUTM A/C •cuv•uIAT ATrmnON RATs objectively assess the "83% problem".

A JAN 67 a0 AN00s

I The USAF has recently developed a
1 -computerized life sciences human factorI- accident investigation programme that will

establish an Aircrew Error Data Base for
air accidents only. The Transportation

I Safety Board of Canada have also

"2 developed a generic human factor data
base for civil occurrences in Canada and is

_ - currently implementing the programme.
Nevertheless, these programmes may not

M- A-M -W- yet achieve the detail necessary to track
Fig. is the sociological and psychological areas of

concern that we know play an important
role in our daily efficiency and alertness

t-
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which in turn impact directly on Major E.A. Brook
inattention and complacency, two of the Directorate of Flight Safety, Canadian Forces
major contributors to aviation losses. NDHQ Ottawa, Ontario, Canada K IA OK2

a Problems in Human Factor Data Collection

Now that you have seen the statistics and Human Factors are acknowledged as the
the major areas of human enor, what and prime cause of accidents in the Canadian
where would you spend resources to Forces as well as in other military and
prevent mishaps? Clearly, inattention, civilian flying worldwide. Although
technique, communication, judgement, human error accounts for over 80% of all
carelessness and complacency are the accidents our Directorate of Flight Safety
major failings. Where then do we have to (DFS) does not have a system in place that
concentrate our efforts to reduce these can adequately manage Human Factors
problems? I believe we need more information. A recent study of the
emphasis on the sociology, (quality of life Canadian F-18 community concluded that
issues) and the psychology side of our the current aircraft accident database is
business, not effective in facilitating remedial action

on Human Factors issues.
In my opinion, aviation psychology needs

more investment. Furthermore, we The Canadian Forces led in developing
cannot progress effectively in this area detailed subordinate cause factors and
unless an extensive human factor data base assigning them in place of the infamous
is developed over the coming decades. A term "pilot error". A finding of
human factor data base will allow for judgement, technique or inattention,
meaningful and more objective assessment however, does not fully explain the
by the decision makers and leaders. circumstances leading up to an accident

nor lead to effective preventive action.
The final cause factor describes what
happened not why. Other components, for
which only soft evidence exists, such as
nutrition, fatigue, or stress are left
unrecorded. To study these problem areas
further one must re-examine the original
Boards of Inquiry or medical reports.
Essentially this means doing the
investigation twice. We clearly need to
collect Human Factors information in a
better and more meaningful way.

An abundance of personal information is
already collected during accident
investigations. Most of this is currently
non-retrieveable. Investigators use
checklists such as our "Human Factors



Guide for the Conduct of Aircraft authorized personnel to validate and
Accident Investigation" but generally no correct these facts. Personal data
standardized record of the data is kept. regarding individuals can be recorded
The report often does not include the either in a narrative format or in tables
answers to all questions, especially those relating to checklist items with each
not considered relevant at the time. This record linked to a particular occurrence
reveals a need to record systematically the record in the main accident/ incident
pertinent human characteristics of all database.
personnel causally involved in
occurrences. The record should be as The system should be user-friendly and
complete as possible even when some easy to learn with minimal training.
information does not seem applicable to There should be operator-defined layouts
that particular occurrence. For example for data entry and reporting. In Canada
to refine our knowledge of how acute we require a bilingual format for the basic
fatigue may contribute to an accident it information. Access to the system and to
would be useful to know the quantity and sensitive portions such as the Human
quality of both rest and duty time for all Factors area should be controlled by
personnel who were causally involved in passwords. Reports should be
similar occurrences. A similar case could automatically sterilized of privileged
be made for experience measured in age, information. Of course a reliable high
and flying hours. Ideally the data should speed system with potential for expansion
be available from all aircrew, and not just is essential. The ability to use a Natural
from those who were involved in Language Query system would be optimal
occurrences, in order for any predictions for searching records. Whatever the
or assessment of risk to be made. format of a Human Factors database -t

should be capable of exchanging useful
A unified collection of Human Factors information with the systems of other
data could be used to analyze human error rmilitary and civilian air safety
and perform meta-analyses of all organizations.
occurrence reports. Such a system is
essential to validate or refute associations Privacy and confidentiality are always an
between factors like vision, tobacco use, issue when dealing with sensitive personal
or fatigue and flight safety. Research details. We prefer not to include classified
results could be made available quickly to information so as to make it more readily
aid current investigations, and assist available. If the identity of individuals
development for new aircraft systems. remains hidden except from select

authorized users (such as Human Factors
Criteria for a Human Factors Database specialists) then privacy concerns should

be minimal.

An effective Human Factors database Design of a Preliminary Dataform
should possess the following properties.
Information need be entered only once, at Following an initial meeting held last
the place and time of occurrence, summer to address this topic in the
Subsequently, it should be simple for Canadian Forces a draft format for

-L
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recording data was designed. This was The perception that personal matters
revised and presented at our annual Flight divulged by an individual might be later
Safety conference in December 1991. A linked to themselves by name tends to
two page form was introduced. The initial inhibit candid disclosure.
section contained a cross-reference to the
occurrence and individual characteristics Strategic Information Systems Plan
such as medical category, duty times and
experience levels. The second section DFS is now developing a Strategic
included a list of 80 Human Factors which Information Systems Plan to update our
were to be marked as present or absent. accident/incident database. The conceptual
When present their degree of contribution data model allows for the inclusion of
to the accident could be ranked from zero Human Factors information either as
(non-contributory) to 3 (definitely causal). defined fields or simply as a narrative of
Our intention is use this tool to collect up to 120 pages of text per entry. This
information from incidents as well as plan is still evolving and will be adapted
accidents. There was a mixed reception to further following feedback from the flight
this proposal for collecting Human Factors safety community. An alternative
data. Some participants felt that that approach might also be supported by this
completing the Human Factors data form infrastructure - that of a Confidential
would require too much time and effort. Reporting System. With such a system
We plan next to conduct a field trial to persons who report incidents are not
determine the actual time requirements. required to identify themselves or even the

aircraft type involved. The essential
We recognize that any checklist approach element is the narrative - what happened
to categorizing Human Factors is in the reporter's own words. The formal
somewhat arbitrary and that the factors reporting system omits some reportable
selected will be of use only if there is incidents when no damage has occurred.
validity and consistency in their We know for example that physiological
assignment. A longer more problems like disorientation and G-LOC
comprehensive list was thought by some to are grossly underreported. Human factors
be easier to understand and complete. The incidents reported through a separate
length has to be weighed against the time confidential, anonymous system could still
available, especially for an instrument that be recorded in our updated database as
will be used on a daily basis for minor descriptive narratives. This way they
incidents. A glossary should be included would be available for analysis and the
so that users know precisely what the lessons learned could be promoted by the
terms mean. Another limitation is that flight safety system in order to prevent
any form such as this tends to be further occurrences.
completed subjectively by the informants
based on their personal knowledge of the
individuals concerned. Many operators
were also wary of the way that personal
information might be used. The issue of
privacy remains a major problem in
collecting Human Factors information.
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UNDERLYING CAUSES OF ACCIDENTS: CAUSAL NETWORKS

Ferdinand H.J.I.Rameckers

Behavioural Sciences Department
Directorate of Personnel RNLAF

Postbox 20703, 2500 ES The Hague, NL

SunQARY development was and, to some extent, still is hesitant
in some types of organization.

This paper describes recent thinking about Accident
Causation Theory, accident investigation and accident RESULTS OF ACCIDENT INVESTIGATION
prevention. The central notion is that human error as
the primary cause of accident causation, prevales at all Till today, it is Standard Operating Procedure (SOP) to
levels in any complex organization and that accidents wait till an accident happens, then investigate it and
are caused by a unique network of factors, generated not if applicable, take remedial action in order to prevent
only by unsafe acts of front-line operators, but also by the sane accident from happening again. Necessarily this
fallible management decisions and all kinds of (psycho- is a purely reactive form of accident prevention. It is
logical) preconditions that exist in the operations also normal practice that, as a result of this kind of
environment. New approaches aiming at possibilities of post hoc investigitions, new regulations are issued,
proactive prevention are briefly touched. another warning is added, a procedure will be changed,

the supervision level is raised. Also new DO's and
INTRODUCTION DON'T's are formulated or a human-machine interface,

like for instance a cockpit lay-out, will be changed.
Since the beginning of aviation, increasing amounts of Although this is not bad practice, thinking about acci-
human energy and financial resources have been invested dent investigation and prevention could be challenged
and are still being invested in the evidently ever by, again, quoting from Reason (1990):"...while it is
lasting endeavour of technical improvement of aircraft sensible to learn as many remedial lessons as possible
and aircraft systems. Parallel with this development, a from past accidents, it must also be appreciated that
decreasing contribution of purely technical causes of such events are usually caused by the unique conjunction
aviation accidents and incidents can be observed. Alt- of several necessary but singly insufficient factors.
hough the absolute number of accidents decreased drama- Since the same mixture of causes is unlikely to recur,
tically during the first half century of aviation, it efforts to prevent repetition of specific active errors
seems to be increasingly difficult to further reduce will have only limited impact on the safety of the
accident rates by more than just very marginal percenta- system as a whole."
ges. What concerns the aviation psychology and human
factors ccmmunity more and more during the last decade, ACTIVE FAILURES
is the resulting emergence of human error as the primary
factor in accident causation. It is important, however, In quoting from Reason the concept of active errors,
to realize that in modern thinking about accident causa- also called active failures, was introduced. Figure I
tion more emphasis is laid on the notion that human gives an overview of the most recent Accident Causation
error is not the privilege of front-line operators, but Theory. A very important distinction should be made
that it is also an equally salient feature of all humans between active and latent failures. Active failures or
at all hierarchical levels of any complex organization. unsafe acts are actions or omissions on the part of the
Although more will be explained about this further on in front-line operator (pilot, navigator, airtraffic con-
this paper, thinking about the prevalence of human error troller etc.) that directly have their inadvertent
throughout any organisation can best be illustrated by effects on the sequence of events during actual operati-
quoting from Reason (1990):".. .the more removed indivi- ons and that in most cases are the direct causes of
duals are fro... . front-line activities, ... the greater accidents. Examples of categories of unsafe acts are:
is their potential danger to the system."

"* Attentional failures like intrusions, omissions,
ACCIDENT INVESTIGATION HISTORY reversals, misorderings and mistimings.

"* Memory failures like omitting planned items, place-
A quick overvie;' of how aircraft accident investigation losing and forgetting intentions.
developed until today, reveals the following. In the * Failures like misdiagnosis, misperception of hazards,
early days a heavy emphasis was laid on the technical corner cutting etc.
investigation and only when the investigating team could
not find any plausible technical cause, it was concluded LATENT FAILURES
that "Pilot error" most probably had caused the acci-
dent. At best it was described in the accident report On the other hand (figure 1), latent failures constitute
WHAT the mishap pilot had done wrong or WHAT critical potential conditions for accident opportunities, but
item he omitted thus causing the accident. It was not they may stay "underground" for, sometimes, long periods
before the end of the seventies that people in the of time, until one day they become evident in combinati-
aviation organizations slowly began to realize that on with other causal factors. An unsafe act is always
prevention of accidents could only he possible after the last element in a chain that starts with latent
having answered the all important question WHY the pilot failures. Furthermore all complex systems have defences,
made that particular error or WH"Y he omitted a critical normally built up during the life of the organization as
action. To answer this question, however, aviation it learnt from previous accidents and incidents. But
psychologists or human factor specialists were needed. time and again there always turns out to be a hole in
So human factor specialists began to play an increasing these defences, called a limited window of accident
role in accident investigation teams, although this opportunity.



5-2

FALLIBLE DECISIONS Figure 2 depicts how the dynamics of accident causation
come to life. It can be seen that a comlex combination

Designers and decision makers at the high-level manage- of latent and active failures is necessary for the
ment create fallible decisions. It is not necessarily a trajectory of accident opportunity to find a hole in
question of incompetence or carelessness, but in most each and every plane and in all the defence layers. It
cases it is the result of the forced allocation of is easy to understand why the chance that a particular
limited resources to making a product (for instance air active error will lead to disaster, is very mall.
transportation in civil airlines or air superiority in
the air force organizations) as well as to safety. If IMPOSSIBLE ACCIDENTS
you spend more on production, you have less to invest in
safety and vice versa. One more thing should he mentioned about accident inves-

tigation and prevention. Research has shown that acci-
LINE MANAGEENT DEFICIENCIES dents appear to be the result of highly complex coinci-

dences which could rarely be foreseen by the people
Furthermore fallible decisions on the highest management involved in the accident. The unpredictability is caused
level can cause deficiencies in the line management. It by the large nuber of causes and by the spread of the
depends on the quality of the line management whether information over the participants. Accidents do not
fallible decisions of the higher level will be ampli- occur because people gamble and lose (although this also
fled, mitigated or almost nullified. However, deficien- happens sometimes), they occur because people do not
cies can also find their origin in the line management believe that the accident that is about to occur is at
level. Till now eleven different failure types are all possible. This "impossible accident" concept stem
distinguished in the literature (ftjenaar, Hudson & from Wagenaar and Groeneweg (1987) and, although the
Reason, 1990): research that brought them to this conclusion was based

on the analysis of accidents at sea, it can easily be
"* Hardware defects generaralized to the aviation environment.
"* Design failures This notion together with the stochastic character of
a Missing defences the many-to-many mappings of general failure types,
"* Negligent housekeeping psychological precursors and unsafe acts reveals, as
"* Error enforcing conditions Reason has put it, the futility of focusing the remedial
"* Poor procedures efforts upon preventing the recurrence of specific
"* Training deficiencies unsafe acts. Although certain of these acts may fall
"• Organizational failures into an easily recognizable subclass and so be amenable
"* Incompatible goals to targeted safety programmes and training, most of
"* Lack of omnication these acts are unforeseeable, sometimes even quite
"* Poor maintenance bizarre.

PSYCHOLOICAL PRECURSORS OF UNSAFE ACTS HINDSIGHT BIAS

Psychological precursors or preconditions (figure 1) are An additional problem is that the team that has investi-
the potential sources of a wide variety of unsafe acts gated an accident know how the sequence of events was
or active failures. Whether certain acts will lead to an going to turn out, whereas the participants in the
accident, depends on the caolex interactions between accident did not. This is a very significant psychologi-
the task to be performed at any given momnt, the parti- cal difference and research has shown that the outcome
cular dynamic environment in which the task has to be knowledge has a tremendous influence on the way all the
performed and the dangers and hazards that are present events that led to that outcome, are evaluated. This so
during that particular period of time. Depending on the called hindsight bias unwittingly leads to misjudgment
typical conditions of any given moment during performan- of what the players in the accident draa should have
ce of the task, each psychological precursor can lead to anticipated in foresight and to overestimation on the
a large number of active failures. Some examles of part of the investigators as to what they would have
psychological precursors are: known had they not possessed knowledge of the outcome.

"* Inattention NEW APPROACHES
" Undue baste
"* Stress What should be done now that the old, trusted way of
"* High workload situation accident investigation and prevention seems to be a
e Insufficient cues strong-but-(partially)wrong believe in solving the
"* Competing demands problem? Figure 3 encompasses all the elements of the
"* Ignorance Accident Causation Theory. Beside the already familiar
"* Complacency concepts of latent failures (fallible decisions and line
"* Poor motivation management deficiencies, combining into general failure

Etc. types) and psychological precursors as vell as active
failures (unsafe acts) and system defences, several

Thus, starting with fallible decisions the network of feedback loops can be seen here. Loop 1 represents the
causes branches more and more while we proceed through flow of (retrospective) safety information as is convey-
the line management deficiencies and the psychological ed by accident reports etc. This is , as we have seen,
precursors to the unsafe acts by the front-line opera- the normal way we deal with safety; the events we would
tors. Again, Reason (1990) is rather straightforward in like to elminate have already occurred. The loops 2, 3
judging unsafe acts by front-line operators:"Rather then and 4 seem more promising in preventing accidents becau-
being the main instigators of an accident, operators se they give information before the accident will actu-
tend to be the inheritors of system defects created by ally happen.
poor design, incorrect Installation, faulty maintenance At the University of Leiden (The Netherlands) the wor-
and bad manage t decisians. Their part is usumlly that king group "afety" of the Psychological Faculty has
of adding the final grnish to a lethal brow whose designed a method of analysing general failure types.
ingredients have already beno long in the cookiDg." The result of this analysis is a so called Failure State
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Profile (FSP), which gives indications as to which REFE CES
general failure types are prevalent in a given organiza
tion. A basic feature of this approach is the search for Reason,J., Human Error. Cambridge University Press,1990.
(observable) indicators of the different general failure
types. The first phase in the procedure is analysis of a Wagenaar,W.A.,& Groeneweg,J. Accidents at sea: Multiple
number of accidents and incidents that happened in that causes and impossible consequences. International Jour-
particular organization. Of each and every event a nal of han-Machine Studies, 1987, 27, 587-598.
causal network is described, which is a very laborious
task. When the "tree" is finished, the different events Wagenaar,W.A., Hudson,P.T.W.,& Reason,J. Cognitive
can be attributed to the eleven general failure types. Failures and Accidents. Applied Cognitive Psychology,
The ultimate goal is to design questionnaires which can 1990, Vol.4, 273-294.
be completed by people at all levels in the organizati-
on. Thus on a regular basis FSP's can be composed which
give insight into the health conditions of the organiza-
tion. This approach, called TRIPOD, is rather new. It
has been implemented in desert drilling operations and
on North Sea Platforms, but it has not yet been applied
in the field of aviation. It looks, however, very promi-
sing and a research project to evaluate the method for
application in aviation (in the Royal Netherlands Wir
Force) just started. Also in the RNLIP a system, called
f, IRROR, will be introduced on an experimental basis that
munitors the risk state of an operational fighter squa-
dron. The target is to give the squadron comsander
feedback information about the safety status of his
squadron and thus an opportunity for proactive preventi-
ve measures. Hopefully positive results can be published
in the near future.

ACCIDENT CAUSATION THEORY
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DYNAMICS OF ACCIDENT CAUSATION

Local triggers -
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Latent failures
at the _ I-
managerial levels _ -_•-I __
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Fiaoure2

ACCIDENT CAUSATION THEORY
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1 - SOMMAIRE
Enfin des tracfs, avec ou sans zoom, donnent

L'enqu~te stir les causes d'un accident eat tine reolution des param~tres d~sirds en analogique, comme
dtmarche de plus en plus difficile car les facteurs, stir papier, mais avec plus de souplesse d'emploi.
humains deviennent largement pr6dominants avec plus
de 75 % des cas et chacun sait qu'ils sont d6licats A Un film vid6o pr6sentant quelques, cas de vol typiques
interprdter. De plus le mat6riel comportant de plus en eat destine' A faire ressortir les avantages de ce genre
plus d'6lectronique et de logiciels, lea, traces physiques d'animation.
sont souvent inexristantes, hors lea param~tres enregistr6s,
sur "crash recorder" et CVR. Description des opdrations d'acquisition des donndes

d'un avion militaire.
Lors de l'analyse des listings ou traces, on interprete

facilement les parambtres ind6pendants ou peu correl6s : Organigramme du logiciel de pr6sentation stir console
rdgime et tempdrature moteur par exemple. Par contre, graphique.
les paramttres tvoluant rapidement et correles A
plusieurs sont d'une approche laborieuse :reponse d'un
avion A des solicitations longitudinales et transversales, 2 IMP"ORTANCE DES FACTEURS HUMAINS.
combintes par exemple.

Un logiciel permettant la pr6sentation stir tine Lea statistiques montrent tine diminution importante
console graphique des paramatrea enregistr6s comme lea du nombre d'accidenta atriens, principalement dans le
voit Ie pilote et animts en temps r6eI a Wt realisde sur la transport civil. C'eat la partie due aux incidents
base d'essais de DASSAULT AVIATION A Istres. Le mdeaniques qui eat r6duite de fagon assez spectaculaire.
rdsultat satisfait tous lea espoirs :il eat possible de Par contre lea probltmea rids aux facteurs humains ne
visionner Ie vol A la cadence normale, au ralenti, en montrent pas tine tendance aussi marqu6e, d'oA) tne
acceldre, ou d'arr~ter stir tine image. La planche de bord mont&e relative dana lea pourcentages.
est analogue A celle de l'avion, la manette et le manche
bougent comme lea vrais. L'horizon du paysage donne Suivant lea auteurs lea facteurs humains constituent 70
tine information paravisuelle des mouvements de l'avion. A 75 % des causes d'accident.

Lea enqudteurs "sentent* rieilement la fa~on dont le On relbve tin pourcentage plus faibles sur avions
pilote a rtagi aux mouvements de l'avion on aux militaires, avions de combat monoplaces en particuuier,
dvfnements qui survenaient :signes d'inattention, de car lea causes dues A l'environnement, aux ddficiences
nervositt oti meme changement de pilote atix mdcaniques .. sont plus fr6quentea.
commandes stir un biplace.

Dana cette cattgoric, Ie potircentage d'accidents dus
Dana tine atitre presentation, tine maquette vue de aux factetirs humains se situe dana Ia tranche 45 -60 %.

1'exterieur reproduit lea mouvementa de l'avion pour
l'analyse des evolutions complexes :vrilles, decrochagea,
etc..
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3 - DIFFICULTE D'INTERPRETATION. Pour le r6alisme, une vue extdrieure avec horizon
'uaturel" reproduit cc que verrait le pilote en conditions

La d6ficience m6canique peut etre cerude lors d'une VFR. Le paysage so r6sume A une texture verte pour le
enquete minutieuse ; des exeinpies r6cents ant mantr la sol et bleuc pour le cioL.
pricision 6tonnante des conclusions tir6es lors
d'accddents comme 1e DC10 d'Ermenonville, le B 747 do Sur cette surface claire peuvoat s'inscrire, A la#
Lockerbie, le DC 10 d'UTA au Tcliad. demande, les valeurs des diff-rents paramatres

exprimdes en unit6s physiques et identifi6es en toutes;
Par contre l'erreur humaino est plus difficile A lettroe, ainsi que la transcription sans ambigumt des

invoquer dens do noinbreux: cas, car si l'&juipage ne diff6rents 6tats des systtmes :train rentr6 ou sorti, piloto
survit pas A l'accident, los explications sant g6ndralenient autamatique en service, enclench6 ou connectt, etc..
inaccessibles. On constate uno suite d'6vnements maie le
fill conducteur nWest pas 6vident. 11 haut A l'enqu~teur use b - La maquette dans l'espace.
tras banne connaissance des conditions d'emploi do
l'appareil pour qu'il puisse s'imaginer A la place de La vue extdrieure d'une maquette de I'avion permet
l'dquipage et tficher do faire comncider sos propros do repr6senter sos attitudes et son cap pour un
r6actions avec celos quo r~vblent los enregistrements. observateur situ6 au sud do la maquette, au meme niveau
Toutes les interventions ext6rieures sank A envisager pour et A distance constante (fig. 2).
expliquer (le ou) los disfonctionnements humains.

Los assiettAs le cap, la vitesse et l'incidence sant
11 est donc important do sentir avec la meilleure iacrits en numdrique en haut de l'Ccran.

pricision la faqon dant los actions ant Wt mendes, cc qui
est quasiment impossible A la lecture des listings et reste Les param~tres en chiffros peuvent etre appolts
difficile A l'examen do graphes. comme dans, la pr~sentation cockpit, en blanc: sur fond

nair.
4 - LA REPRESENTATION IMAGEE DES
PARAMETRES. c - Los tracts:

a - La planche do bord reconstitute. U1 no faut pas nier leur utilit6 ! Le synchronisme de
deux ivinements pout s'observer bien sfir au passage, sur

Pour faciliter la tiche do l'enqu6teur ot lui pr~senter dour cadrans diffdrents, s'ils sont proches. Mais il est plus
l'exploitation des paramtetrs du crash recorder do la agr~able do le vdrifier sur dour tracts on fonction du
fa';on la plus parlante pour lui, nous avans rdalis sur la temps quo lPan appelie sur cetto troisiame pr~sentation
Base d'Essqai DASSAULT AVIATION A Istros un avec passibilitd do zoom sur U'chelle do temps (Fig. 3).
logiciel permettant do pr~senter sur une console
graphique une reconstitution du cackpit do l'avion (fig. d - L'animation en temps r~el.

La possibilitd d'animer cette planche do bord en
Tans los param~tres euistants sank repr~sont~s sur tep o~l st l'avantage dAeterminant do cette

leurs indicateurs habituels, assiettos et caps sur use repr~sentation. La nervositd6Eventuelle du pilate apparait
boule, r~gime et T4 sur des instruments moteur, le temps clairemont au travers does mouvements do manche et
sur la mantro classique. Des indicateurs suppldmentaires manette. LUs mouvements do l'avion s'analysent
synth6tisent d'autros informations, en particulier los beaucoup plus aisdmont qu'A l'examen des tracts
mouvemonts du manche sank figurds par une pastille se repr~sentant los assiottes ou los positions do gouverno.
dtplaqant dane us rectangle comme la tete du mancho
entro see buttes. La position neutre eat repdr~e par dour La corr~lation mauvements do manche, Evolutions
alidades. Do memo le rep~ro do la manette des gaz se do l'avion ost parfaitement accessible au pilate enqueteur
ddplace dans us curseur gradu6 do Stop A PC maxi en qui connalt l'avian. 11 pout appr6cier A tout moment la
passant par ralenti et PG sec. situation do l'avion dans l'espace, l'Energie disponible, la

ndcessitd ou non do modifier la poussde, au bien le
Les ttmoins do fonctionnement et alarmos sant facteur do charge :sur us biplace, il pout ainsi

disposds comme sur I'avion r~el et s'allument do la mmem d~terminer qui pilate, do l'El6ve au do l'instructeur.
faqon.

Tout cola 1wi cat accessible car il so sent dane, lavion,
t il est pratiquemenk on vol.



e - Le ralenti ou l'accelrd, l'arrdt sur image. 5 - L'ACQUISITON DES DONNEES.

Une fois acquise en temps r6el la sdquence complate Nous. nous limiterons A I'examen du syst~me
de vol et les actions pilote assocides, il peut 6tre actuellement en service sur Ins avions militaires.
intdressant de d6tailler cc qui s'est pass6 A un moment
prdcis, un dvdnement fugitif noy6 dams une phase tr~s A bord de I'avion, un bolitier rdalise l'acquisition des
agit&e. divers paramates choisis et envoie un message sdrie A

l'enregistreur magn6tique qui se trouve dams use
11 suffit de choisir la touche 'ralenti" ou d'arret sur enceinte sp6ciale destin6e A le prot6ger des chocs d'un

une image, comme sur un magn~toscope moderne. crash et m~me du fen s'il ne dure pas trop longtemps.
Actuellement la bande magn6tique est progressivement

Le defilement acc6l6r6, si pratique pour retrouver remplacee par des m6moires statiques dont la
une sequence particuli~re est egalement dispom1ble sans sauvegarde est assurde par des piles. Elles sont protegees
aucune "griffure" des images. de la meme fagor.

De plus, il est possible de d6buter une 'lecture" ou de L'exploitation de ces enregistrements d6bute par une
la reprendre A un instant precis que l'on affiche par le ddcommutation des paramates qui sont ensuite
clavier. Les doanries dtant en memoire vive, 1'action compares i leur dtalonnage, traduits. en unitds physiques
demarre instantanement. puis mis en forme pour etre stockds sous forme de

fichiers sur le disque dur de la console graphique (Fig. n!

f - Le film vido : instruction et pr6vention.
6 - LE LOGICIEL ; L'ORGANIGRAMME.

A condition d'employer pour la prise de vue un
mattriel video professionnel qui peut se synchroniser sur Lorsqu'un utilisateur desire analyser un vol, le fichier
la (requence de balayage du tube cathodique, il est facile correspondant est charge en memoire vive ; les images de
d'enregistrer lea images de la console quelle que soitl a fond, planche de bord, cadrans sont 6galement inises en
vitesse de reproduction choisie et de faire ainsi tris m~moire de visualisation.
facilement Ie montage d'un film viddo, aux fins de
demonstration ou d'nstruction. Suivant les choix effectuds, type d'avion, presentation

desirte, cadence, etc .. le logiciel anime l'mage desir~e
Cette facilitd eat employ&c maintenant chaque fois suivant l'organigramme presente & la figure 7.

qu'un accident ou un incident se produit.
7 - L'EVOLUTION.

La presentation du film participe de fawon tras
efficace A laprdyentijj qui est, comme chacun Ie sait, le L'animation du cockpit par les parametres de
but recbercht par tous. lea, organismes de S46curiti des I'enregistreur de crash a pour premier objectif
Vols. l'am~lioration des moycus d'analyse des accidents ou

incidents.
Le film qui va 6tre prsest maintenant est une bonne

demonstration de toutes ces possibilites. Cependant, au deli de cette restitution du vol, Bl est
souhaitable d'etendre Ia collecte des donnees A celles qui

Le vol dont il est tird est une sdance d'entrainement intdressent la mission opdrationnelle, permettant F' nsi de
de voltige A basse altitude sur MIRAGE 2000 en vue do rejouer ces missions aux fins d'instruction ou de contrble.
la Prdsentation du Bourget. Ceci suppose l'utilisation d'un autre support

d'enregistrement non proteg6 mais pins performant et le
Deux planches de traces, des param~tres de vol ddveloppement de nouveaux logiciels de presentation des

classiques, colone~s pour en faciliter la lecture, sont resultats, avec des sp~cialisations dvidentes : combat
pr'sentes avant le film. Le spectateur appr~ciers mieuix alrien I plusicurs avions, tir de missiles A moyenne ou
ainsi I'aide qu'apporte I'emploi de la console graphique grande, port6e ou contr~le d'une mission de penetration
(Fig. 4et 5). en suivi de terrain.
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8 - CONCLUSION.

La r6alisation et la mise au point de cc dispositif ont
W men6es A bien grice i tine petite 6quipe de
spdciahstes unissant leurs connaissances et port6s par tin
rdel enthousiasme darn la recherche de la prasentation.
Partant d'un projet un peu vague ils I'ont transform6d en
un outil de grande efficacitd, tras bien adapt6 a
I'utilisation par des pilotes. Merci aux informaticiens qui
ont un tel 'sens do l'aire.
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ASSESSMENT OF MORALE IN TURKISH AIR FORCE PILOTS
WITH TWO CLINICAL PSYCHOLOGICAL TESTS

Dr Muzaffer CETINGUC, Prof. Dr. Sait DEGER, Dr 0. YALUG
GATA

Aerospace Medical Centre
Eskisehir
Turkey

SUMMARY

In popular understanding good morale is equal to It is suggested the term "emotional disturbances"
the perception of well being, lack of distress and rather than "psychiatric disorders" should be used
absence of anxiety and depression. Actually the for these cases (1). Hidden or obvious pilot
tenn morale is related to anxiety and depression. insufficiencies or emotional disturbances may
The rational of this survey is to assess numerically contribute to either aircraft accidents or a pilot's
stress levels by using anxiety and depression disqualification.
scores.

Experienced pilots cost so much money to train
345 active duty Turkish Air Force (TuAF) pilots that their disqualification is not economical. In the
and 70 non-flying air force officers as control event of an accident, pilot and aircraft losses are
group, have been taken into this study. "State Trait described as a horrible nightmare in aviation. Poor
Personality Inventory" (STPI-Spielberger) and stress coping and cumulative stress load are two
"Zung Depression Scale" (ZDS) were applied to important reasons for aircraft accidents (9).
both groups in 1988. Therefore, the kinds of stress factors that affect the

fliers or "what happens under the helmet", need to
As an unexpected result, the flyer group has be monitored from time to time.
reflected lower scores than the non-flyers.
Different explanations are available but they are In fact, fliers are routinely examined
most likely to be related to high motivation and psychiatrically once a year, and if necessary may
job satisfaction as well as ego strengths of flyers. be referred for re-examination. Also flight
These factors can elevate the ability to cope with surgeons check them again every flight day. When
stressful conditions. they have a problem, they are prohibited from

flying, even if they have a desire to fly. On the
It is well known that individuals, who have a other hand, if they desire not to fly, regardless of
steady interest and passion to fly, perceive the their health, it is accepted by the administration
risks of flying as relatively low because of their because of its respect for the psychological and
high motivation. But it is very hard to preserve physical welfare of pilots. No other occupation is
this motivation without disruption for a long time subject to such rigorous health checks as those
because fliers are subject to the same life stressors given to pilots. Even so, the occurrence of stress-
as everyone else. Pilots work on "slippery related accidents demonstrates that these
ground". eventhough they may be perceived by multidimensional control mechanisms can fail at
other to be immune from distress, fear and times.
worries. This perception can be present even in
personnel who are responsible for taking care of RATIONAL AND METHOD
fliers.

When discussing aviator stresses, there are
Even the most resistant individuals have a different viewpoints among people who are
"breaking point" when confronted with involved in this field. De-emphasizing or over-
overwhelming stress conditions. It may be delayed, emphasizing, false or true analyzing efforts and
but may not be prevented. The only variable is the problem solving proposals may occur. The normal
threshold, and any threshold may be reached given level or risk taking or stress load in certain flying
the right recipe of factors. External, internal or activities is undetermined. Also the standard stress
some combination of stressors may lead to the scores for certain types of aircraft and tasks are
breaking point or insufficiency in individuals, unknown.
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Norms may vary from person to person. Specific These self report inventories contain 20 questions
issues can be evaluated by open-ended questions each and scores are compared by the "student
in a questionnaire. These kind of survey results are test".
generally particular and individualistic. Also every
questionnaire is not perfect, because building a RESULTS
questionnaire requires experience and multiple
factors may make them unreliable. STPI scores standardized for the Turkish

community, equal 38,1 in people without disease,
In addition, "stress" and "morale" can be elusive 39,7 in those with physical diseases and 55 in
concept to measure (9). In the literature stress is those with psychiatric diseases (7). The scoring
qualified as "loosely correlated with anxiety... range for the ZDS follows gradually increasing
furthermore depressive illness is a common symptoms of depression from 50 to 100. Less than
reaction to stress (3). "stress has been linked to a 50 scores mean normal or lack of significant
wide variety of psychological symptoms including depression.
depression..."(5). These concepts of stress leading
to anxiety and depressive symptoms support the Table I shows both Air Force fliers and non-fliers
use of standardized symptom-related rating scales are normal in terms of depression symptoms. In
such as: Raskin-Covi Diagnostic Scale, Hamilton addition, anxiety scores are not high. Fliers are
Depression/Anxiety Rating Scale (10). within the normal range, and non-fliers are a little

bit higher than standard scores. When comparing
In general understanding anxiety and depression the differences between the two groups'scores.
words (concepts) are not obvious rather than teri When comparing the differences between the two
morale. On the other hand morale presents a groups'scores, the results were found to be
concept that is difficult to explain but it contains statistically significant (p<0,01).
within it the willingness to confront adversity with
tenacity, zeal, optimism and stamina (2). It can be DISCUSSION
said that a high stress load leads to poor morale.
But how can high stress levels be measured Non-fliers'living conditions seem more quiet, more
especially numerically so that comparison with steady and less risky; so one would have expected
other groups. or changes over time can identified? their scores to reflect less stress, except for
The Holmes and Rahe Life Change Unit random individual problems.
assessment scale is not useful in this kind of
survey, rather anxiety and depression scales may There is a significant elevation in the scores of
help to more effectively determine flier's stress non-fliers, both in depression and anxiety levels.
and morale levels. This suggests that fliers are relatively happier,

have better morale and feel less distress in spite of
Consequently the Zung Depression Scale (ZDS) the risky nature of their occupation.
and the Spielberger's State Trait Personality
Inventory (STPI) are accepted for administration to Possible reasons follow:
pilots, in order to evaluate depression and anxiety
levels. The results are interpreted as indicators of 1. While pilot personality characteristics have
morale and distress levels. been categorized and thought to be

somewhat homogenous, a non-flier
Turkish Air Force pilots are referred to the population against whom to compare data
Aeromedical Center (Eskisehir, Turkey). for is more difficult to describe. However, this
routine examination once a year. In 1988, ZDS non-flyer group was little different.
and STPI were applied to 345 pilots revealed no Almost all 70 people initially had
organic and psychologic complaints who passed graduated from Air Force College and had
their physical examination. These pilot group's attended Undergraduate Pilot Training
score are compartmentalized in accordance with (UPT) school together with the flier
their bases and squadrons, so that they can be group. as pilot candidates. But they were
compared in tenrs of stress levels. The same tests eliminated in either the medical
were given to 70 non-flying Air Force officers as examination phase or in the flight training
a control group. This group also was healthy and phase and then assigned to non-flying
had similar ranks and ages. duties.
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In the beginning, their personality Further research may focus on specific
characteristics were likely to be close "problem areas" identified in subsequent
enough for comparison, studies. The benefits of continued

documentations of stress in aviators, lies
Over a period of time, flying duties and in the application of preventive measures
other military duties may create different by active squadrons to enhance mission
traits in people. The non-flyer group may safety and flight performance.
also have eliminated from training due to
deficiencies in ability and/or lower stress ACKNOWLEDGEMENT
tolerance levels than successful pilot
candidates. Their test scores may then I would like to thank Dr David Jones for
reflect this difference. encouraging me to prepare this article with his

large knowledge and experience.
2. Fliers are generally more resistant to flight

environment stressors, coping repertoires REFERENCES
are larger, and ability to overcome
difficulties is greater. Flight activity looks 1. Adams RR., Jones DR. The Healthy Motivation
like a sophisticated play that enables them to Fly: No Psychiatric Diagnosis. Aviat. Space
to exhibit skill, bravery and masculinity. It Environ. Med.
may serve oedipal fantasies or allow 1987;58(4):350-54
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compensate inferiority and counterphobic 2. Bergin KG. Aviation Medicine. Its Theory and
traits, etc. Flight motivation may be Application. Baltimore 1949 Chapter 33:376-79
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unknown) factors, namely joy. mastery, 3. Hordem A. Stress in our Time. in:Biological
power, freedom, control of the Psychiatry. Editors: Shagass C, Josiassen CR,
environment (in order to overcome and Bridger WH. N. York: Elsevier 1985: 669-71
control anxiety), obtain career goals and
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these factors may make a flier more Med.1990;61(l):977-82
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hardships more readily than non-fliers. Aerospace Med. 1974-185-88
This is likely to be related to their ego-
strengths, job satisfaction, and level of 7. Oner N., Le Compte A. Durumluk-Surekli
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levels in "routine" flying operations.
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TABLE I. STATE TRAIT PERSONALITY
INVENTORY (STPI) AND ZUNG DEPRESSION
SCALE (ZDS) SCORES OF TURKISH AIR
FORCE FLIERS AND NON-FLIERS

n SCORES ZDS

Air Force 345 35.52 40.05
Flier

Air Force
Non-Flier 70 38.41* 44.77*

• (p<0 .0 1)
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737-400 at Kegworth, 8 January 1989 - The AAIB Investigation

R. D. G. Carter
Air Accidents Investigation Branch (AAIB), Dept. of Transpot,

RAE/DRA Farnborough, Hampshire GU14 6TD, UK

SUMMARY unable to restart the No. 2 engine, the aircraft sank below
A Boeing 737-400, jet transport aircraft, G-OBME, the glideslope.
carrying 9 crew and 118 passengers, crashed near
Kegworth, Leicestershire, on 8th January 1989. Of the 126 The aircraft's first impact was in a level field adjacent to the
occupants, 47 died as a result of the accident and a further eastern embankment of the MI motorway: it then suffered
74 suffered serious injury. This paper describes the a severe impact on the western carriageway and on the
structures and survivability investigations conducted into western embankment of the motorway. Of the 126
this accident by the Air Accidents Investigation Branch occupants, 47 died as a result of the accident and a further
(AAIB) of the UK Department of Transport and reproduces 74 suffered serious injury (figure 1).
the 11 AAI1B Safety Recommendations (out of a total of 31
in the final Report) concerning crashworthiness and ORGANIZATION
survivability. When the AAIB investigation started, the author was asked

to lead the structures group of the investigation and Dr
This paper also describes the study performed for this Anton (of the RAFs Institute of Aviation Medicine) to lead
investigation by the Cranfield Impact Centre, using the the AAIB survivability investigation. The nature of this
KRASH computer code to quantify impact pulses. The accident was such that these two threads of the
results of the KRASH work supported the AAIB investigation were very closely woven, linking, for
recommendations in the G-OBME report and form the instance, aircraft damage to the Injury Severity Scores (ISS)
background to a programme at the Cranfield Impact Centre of the occupants.
to facilitate the use of impact computer codes in aircraft
accident investigations. A group of leading medical consultants independently

formed themselves into the NLDB (Nottingham, Leicester,
BACKGROUND Derby, Belfast) study group. These doctors were drawn
The increasing emphasis on 'survivability' in accident from the hospitals which received patients from the
investigation contrasts with the days when the accident and the group was led by Professor Wallace of the
u.vestigators concentrated almost entirely on the University Hospital, Nottingham. Although the study
prevention of recurrence of the accident itself. For group worked independently of AAIB, the sharing of a large
instance there was a civil C47A Dakota crash in Kent in amount of factual information was very beneficial to both
1947 in which 8 of the 16 occupants sustained fatal injuries investigations. The NLDB group published their own
but the comprehensive UK AIB accident report contained report as well as several individual medical papers, with
just the simple statement that. "The passengers' seats had some of their work based on a study commissioned by the
torn away at the floor anchorages. The safety belts were group using the crash victim simulation program
found still fastened and were probably being worn at the MADYMO.
time of the crash" and made no further communet on what we
would now regard as being a largely survivable impact! The accident also caused considerable interest in the United

States and a study group from NTSB, FAA, Boeing and the

For AAIB, survivability and evacuation investigations seat manufacturers participated in the AAIB investigation.
have centred in 3 areas: evacuation and survival at sea after This interest was generated by this being one of the first
helicopter ditchins; survival in the harsh decelerations of accidents to have occurred to a jet transport equipped with
accident impacts; and survival and evacuation around seats designed aound the requirements of FAR Amendment
aircraft fires. AAIB conducted an intensive investigation 25-64: the so-called '16g dynamic test' requirements.
into the survivability at the accident to Boeing 737-236,
G-BGJL. at Manchester on 22 August 1985 (ref. 1), where OBJECTIVES
there was fire but no crash pulse, mid the investigation into The initial objectives of the structures and survivability
G-OBME forms the corresponding case of the crash pulse portions of the AAIB investigation were:
without but no significant post-crash fie. In considering i) to determine the impact sequence and to
the lessons of both accidents it is crucial to remember the quantify the deceleration pulses,
nmnber of accidents involving both impact ud fire. ii) to determine the extent and sequence of the

aircraft structural dmnage,
ACCIDENT TO G-OBME NEAR KEGWORTH iii) to determine the extent and sequence of the
G4-BME was a 737 Series 400 aircraft and was making a structural damage to the occupant seating and
single-engina approach into East Midlands Airport other furnishings,
following a fan blade failure within the No. I engine in iv) to determine the extent and nature of occupant
flight mid the subsquent shut-down by the crew of the No. injuries mad
2 engine. About 2.4 nautical miles hom the runway the fan v) to relate these to the cabin environment.
of the No. I arnin began to brea up "iL with the crew
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IMPACT STUDY (KRASH) impact the aircraft's attitude was approximately 130 nose
As part of the structures and survivability aspects of the up. with about 4 of right roll and 4.? of left yaw. The
investigation, it was decided to attempt a computer-based actual impact velocities had to be extrapolated from the
modelling of the ground impact dynamics of G-OBME. The fnal Flight Data Recorder (FDR) readings because of the
primary objective was to refine the deceleration levels at use of volatile memory buffering in this type of recorder,
the cabin floor throughout the impact sequence. Secondary giving a ground speed of between 104 kts (calibrated
objectives were to determine the efficacy of such a airspeed, corrected for wind) and 111 kts (from the aircraft
computer-based model and whether such a study could Inertial Reference Unit). The rate of descent was between
achieve useful results within the time-scale of the overall 8.5 feet/sec (barometric rate of descent) and 16 feet/sec
accident investigation. (radar altimeter rate corrected for terrain). These velocities

combined to give an aircraft frial flight path angle of
The two broad groups of computer programs available for between 2.50 and 5o.
impact dynamics may be classified as:

i) 'full' finite element programs, which model a The first impact detached the tail-skid and APU door and the
vehicle structure in detail, using only drag loads on the two main landing gears failed both legs
geometric and material-properties input data. rearwards: the airframe remained otherwise intact. The

ii) 'hybrid' programs, which use a simpler library aircraft then cut a swathe through the trees on the eastern
of structural elements for the model and embankment and, as it descended across the motorway, the
incorporate some test-derived data for the left wing struck a central lamp standard, fracturing the
collapse properties of key members within the standard at its base and removing the outboard 6 feet of the
structure. wing.

KRASH is a hybrid program and has been developed The second, and major, impact occurred when the nose
specifically for the analysis of aircraft impact problems. contacted the base of the western embankment. The first
Because of its simpler modelling, and the availability of contact was made by the nose wheel on the road surface
full-scale test data from previous FAA full-scale impact followed by the nose radome striking the embankment and
tests, the KRASH program was selected aid Cranfield the engine nacelles striking the road surface. The nose
Impact Centre was commissioned to perform the study landing gear failed rearwards, the nose crushed against the
(reference 2). embankment and both engine support structures failed

upwards.
CONFIGURATION (figure 2)
For crew seating, the cockpit was configured with There was no indication of velocity at the second impact
conventional pilots' seats, positioned on floor-mounted from either the FDR or the aircraft instrumentation. It
tracks and equipped with 5-point harnesses. The aircraft became evident during the investigation that the major
had seating for 5 cabin attendants, arranged as 2 double factor in the deceleration pulse in the second impact was
seats and 1 single seat, all of which were aft-facing. Both the resultant (horizontal and vertical combined) velocity at
double seats were mounted on the left-hand side of the this impact. Estimates covered the range of 77 knots (from
aircraft, one just forward of the forwad/left passenger door a simple first-order aerodynamic calculation) to 99 knots
and the other just forward of the rear/left passenger door. (from an impact analysis provided by the airframe
The single attendant seat was mounted just forward of the manufacturer): AAIB concluded that the highest
rear/right passenger door. probability was in the range of 85 to 95 knots.

At the time of the accident, G-OBME was configured with For determining the deceleration pulse transmitted to the
156 pasasnger seats in a single class cabin with a total of cabin floor in the second impact AAIB considered 4 sources
26 rows of pairs of triple seats, all built by Weber Aircraft of information:
(figure 3). The seat pitch ranged from a maximum of 38 i) the results of a KRASH computer simulation
inches, for the 2 seat rows (12 and 14) next to the overwing performed by the Cranfield Impact Centre (ref.
emergency exits, to a minimum of 30 inches for row 27L. 2),
The remain-u4 seat pitches were either 31 or 32 inches. ii) calculation of the basic kinematics,
This type of seat had been approved to TSO-C39a (the iii) the damage to the passenger and pilot seating
static requirements for existing aircraft type certifications) related to previous dynamic testing,
and had, in addition, been subjected to some dynamic iv) comparison of airframe damage with previous
testing on the FAA's Civil Aeromedical Institute (CAMI) calibrated tests.
track around the requirements of FAR Put 25 Amendment
25-64 (the 'dynamic' requirements). All these sources of evidence indicated deceleration levels

in the second impact in excess of the pulses defined in
The aircraft was equipped with a total of 30 overhead Amendment 25-64 and the balance of evidence indicated a
stowage bins in the passenger compartment. Of these, 26 resultant deceleration, within the centre section, with a
were of 60 inch length and fully available for passenger peak value of between 22 sid 28g (figure 6). Peak
hand begage. The remaininS two end pain were shorter deceleration in the nose section would be slighdy higher,
and partly used for cabin safety equipment (figure 4). but with a shorter pulse, and the peak deceleration rather

lower in the tail section.
IMPACT SEQUENCE
The first ground contact was made just short of the MI A significant point drawn from the AAIB work on defining
eastern embankment (figure 5). with the main landing gears the impact and its deceleration pulse was the difficulty of
touching almost simultaneously with the tail. At rust defining the severity of the major deceleration. Such a
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pulse is a combination of. for instance, rise time, duration, The decision was made early in the investigation to attempt
peak deceleration and overall velocity change: none of to match individual injuries to individual seat damage and
these components provides, by itself, an adequate so, after delivery of the wreckage to AAIB at Farnborough,
description of the severity of the pulse. Thus the overall the cabin seating arrangement was reconstructed. This task
velocity change of the seat dynamic tests (35 and 44 was made more difficult because the cabin seating was
feet/second) are just as important as their associated peak single class and, during the rescue and salvage operations.
deceleration levels (14 and 16g). a total of 38 triple seats were removed from the aircraft,

generally after extensive cutting to allow the release of
AIRFRAME DAMAGE injured passengers. By fracture-matching of the seat pieces
Two major structural failures of the fuselage occurred in the and identification of pieces of seat track still attached to
impact, one slightly forward of the wing leading-edge and the seats' rear attachments, the position of all the seats was
one aft of the trailing-edge. These failures left the structure (eventually!) established.
in 3 sections (figure 7).

Although there was variation in the damage to individual
All 3 landing gear legs and both engine supports failed, seats, some distinctive patterns emerged (figure 8). In the
without rupturing the fuel tanks. In the case of the 2 main forward area (rows I to 9). for instance, all the seats were
landing gear legs, the separations were clean and were as totally separate from the floor structure but in no instance
designed, fracturing the system of calibrated 'fuse pin' bolts did the seat structure fail at the rear track attachment. This
which attach the main landing gems to the wing structure. appeared to have been principally due to the articulation
The engine pylons were also designed to separate cleanly designed into the attachment to allow for the warping
from the wing. Although both engines " separate without requirements of the new seat tests.
rupturing the wing fuel tanks, all the 'fuse pin' bolts were
found intact and the structural failure had occurred within On the other hand, the seats in the centre section (rows 10
the pylon itself, approximately in the vertical plane of the to 17) hid remained attached to the cabin floor, with the
forward wing spar. exception of 2 individual outboard seats which had suffered

complete bending failures of their horizontal front spars.
The nose section sustained considerable crushing in the There was also spar deformation in several other seats and
lower flight deck area and the belly skin disintegrated it was the correlation of this damage to occupant injuries
along the length of the forward passenger cabin. The floor which enabled the medical investigators to postulate that
of the forward passenger cabin was entirely disrupted (rows the primary mechanism of femoral fracture was the result of
I to 9) and the stubs of the floor beams indicated that the the femur being bent over the horizontal front spar of the
failures aft of seat row I were in a forward and downward seat This was confirmed by the loads shown by the
sense. The centre-section remained intact and the wings MADYMO simulation commissioned by the NLDB group.
remained attached. the floor in the centre-section itself was
intact (rows 10 to 17) because it is built on the wing OVERHEAD STOWAGE BINS
torsion box but the flooring aft (rows 18 to 24R) of the All the overhead stowage bins were recovered from the
centre-section was, again, disrupted. The tail section was wreckage and their cabin positions determined.
almost inverted but had retained an intact floor (rows 24L Photographs taken during the rescue operation and
to 27). interview evidence from rescuers indicated that all the bins

had become detached in the accident, apart from the forward
The failure pattern of the floor structure was studied in bin on the right-hand side (IR), which was partially
detail, both by examination of the areas of floor which had detached. The pattern of damage to the bins themselves
retained some integrity and by reconstructing, with the aid reflected the cabin damage, with the least damaged bins in
of individual floor beam drawings, those arem which had the centre and tail sections and the most damaged being
been fragmented. A distinctiva pattern of failure emerged. those creased and crushed in the buckled area aft of the
The initial failures were of the longitudinal seat tracks wing.
under the inertial loading of the passenger triple-seats. The
resulting displacement of the seat track members from the On all the detached bins the initial failure appeared to have
floor panels prevented the floor panels from reacting the occurred when the diagonal tie fitting pulled out of the bin
longitudinal crash loads and the transverse floor beams upper surface (figure 9). The lateral and vertical tie-rods
then failed under the longitudinal and torsional crash loads, then failed when they were subjected to the longitudinal
for which they were not designed, as well as from the inertial load for which they were not designed.
vertical loads.

INFANT AND CHILD RESTRAINTS
SEATING There was one infant on board and he was seated on his
Both pilots' seats were found still on their tracks and, mother's lap, restrained by a supplementary 'loop-type'
despite the heavy impact damage to tie flight deck area, belt. The child was severely injured and the mother, who
both seats remained attached to the floor and the restraint later died in hospital, sustained a higher injury severity
systems were only slightly damaged. On both seats the score higher than the occupants of neighbouring seats. At
seat pans were found at the bottom of their vertical travel the time of the accident there was no requirement in the UK
and this had caused additional seat damage. Similarly, all 5 for infant restraint on transport aircraft but the UK CAA
attendant seats suffered some damage but remained (Civil Aviation Authority) now requires that, for take-off,
basically intact and attached to their respective toilet landing, emergency conditions and flight in turbulence, 'all
modules. All the crew members survived. passengers under the age of two yeas are properly secured

by means of a child restraint device': this amendment has
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generally been interpreted as requiring the use of the The performance of the passenger seats in G-OBME also
supplementary 'loop-type' belts. supported the case for fitting the improved seats into all

newly-manufactured aircraft coming onto the register and
The CAA has recently funded a research programme to study retrofitting existing aircraft, at least on a seat replacement
alternatives to the loop-type belts and now allows the use basis. The AAIB thus recommended that:
of certain specified child-seats. However, in the UK there -The CAA should require that. for aircraft passenger
is no published Standard for child seats in aircraft and the seats, the current loading and dynamic testing
onus to provide the child seat remains on the requirements of JAR 25.561 and .562 be applied to
accompanying adult newly manufactured aircraft coming onto the UK

register and, with the minimum of delay, to aircraft
AAIB SAFETY RECOMMENDATIONS already on the UK register."
The AAIB final report was published on 18th October 1990
(ref. 3) and it contained 31 Safety Recommendations. 11 of The medical investigation surrounding this accident
these concerned crashworthiness and survivability issues. suggested considerable scope for improving the detail
In the United Kingdom, recommendations made by AAIB design requirements for aircraft seating. In this light, the
are generally addressed to the UK CAA (Civil Aviation AAIB reconmnended that:
Authority): the CAA are required to consider these "In addition to the dynamic test requirements, the CAA
recommendations and publish a response. should seek to modify the JARs associated with

detailed seat design to ensure that such seats are safety-
Engines: engineered to minimise occupant injury in an impact."
The lack of a significant fuel release in this crash was
partly due to the ruptured centre-section fuel tank being As for alternative seat designs, any change would clearly
empty for this flight and the damage to the left wing-tip have to be founded on a firm basis of research and
occurring outboard of the fuel tank. It was also due to the development, including questions of compatibility with
integrity of the wing fuel tanks further inboard, which did the rest of the cabin, the level of passenger acceptance and
not rupture despite the separation of both main landing protection in a wide range of impacts. Little of this
gear legs and the separation of both engines. Although the research has taken place in recent years and the limited use
engine separations were benign, in that the wing fuel tanks of rearward facing seats in military transport aircraft has
were not ruptured, the structural failures occurred within the not answered the questions. The AAIB recommended,
pylons themselves, leaving the Tuse-pin' bolts in place. therefore, that:
This raised the question as to which impact scenarios need "The CAA should initiate and expedite a structured
to be examined for the engine separation case and AAIB programme of research, in conjunction with the
reconmmended dtha: European airworthiness authorities, into passenger

"rbe CAA should review the existing Joint seat design, with particular emphasis on:
Airworthiness Requirements concerning fuel tank (i) Effective upper torso restraint.
protection from the effects of main landing gear and (ii) Aft-facing passenger seats."
engine detachment during ground impact and include
specific design requirements to protect the fuel tank Cabin floor structure:
integrity of those designs of aircraft with wing- The investigation indicated that the floor strength was, in
mounted engines." fact, considerably higher than the 'static 9g' certification

requirement. The pattern of failure in G-OBME, however,
Seating: showed that relatively minor engineering changes could
From the analysis of the major deceleration impulse it was significantly improve the resilience and toughness of
clear that the forces encountered in the second impact were aircraft cabin floors and take fuller advantage of the
considerably greater than those for which the airframe and improved passenger seats, particularly for out-of-plane
the furnishings were designed and certificated. It is in this loading and in providing multiple load paths.
context that the discussion around the seat performance in
ME took place. Future designs of cabin floor should certainly have to take

account of dynamic loadings to ensure that the seats, and
In general the crew seating performed well and, by other floor-mounted furnishings, remain in place in
remaining in position, limited the crew injuries resulting realistic impact cases. It is also reasonable that, at some
from secondary impacts with the cabin interior. For the point in the future, this should also apply to further
passenger area "where the floor survived, so did the production of existing designs. The AAIB recommendation
seats". The examination of previous accidents. the early thus read:
dynamic testing of seats designed to the previous (99g') "The certification requirements for cabin floors of new
static criteria and the dynamic testing of this model of aircraft types should be modified to require that
passenger seat all indicated that fewer injuries occurred in dynamic impulse and distortion be taken into account
this accident than would probably have been the case with am these criteria should be applied to future
passenger seats of an earlier generation. However, some production of existing designs."
structural failures of the seam did occur, s=% as the front
spar failures in the overwing section of the fuselage, and There is wide scope for research into the feasibility of a
the AAIB recommended that significant increase in cabin floor toughness beyond the

"The CAA should actively seek further improvement in level of the current JAR/FAR seat requirements. A further
the stuandrds of JAR 25.561/.562 mid the level of such recommendation covered this:
standards should not be constrained by the current FAA
requirements."
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"The CAA should initiate research, in conjunction There was also evidence that some of the bin doors opened
with the European airworthiness authorities, into the during the last moments of flight, before the first impact.

feasibility of a significant increase in cabin floor The inadvertent opening of overhead stowage bins has
toughness beyond the level of the current JAR/FAR long been a problem, especially in turbulence, and some
sea requirements." airlines nuw fit bins which incorporate secondary latching.

The AAIB recommended that:
Infant and child restraints: "The CAA consider improving the airworthiness
The argument for child seats in motor cars has been well- requiremi...s for public transport aircraft to require
established for over a decade. It can be argued that the some form of improved latching to be fitted to
supplementary loop-type belt provides some advantages overhead stowage bins and this should also apply to

over simple lap-holding of infants but it cannot provide an new stowage bins fitted to existing aircraft."
equivalent level of survivability to that provided for the
adult passenger. The AAIB recommendation was that: As a postscript to the overhead bins, this type of bin was

"The CAA implement a programme to require that all the subject of a subsequent series of instrumented dynamic

infants and young children, who would not be safely tests conducted by the Transport Research Center of Ohio
restrained by supplementary or standard lap belts, be on behalf of the FAA. The mode of attachment failure
placed in child-seats for take-off, landing and flight in identified was the same as in G-OBME. And in the first half
turbulence." of 1992 the US National Transportation Safety Board

(NTSB) published recommendations from the MD81

The present regulations are still a long way from bringing accident at Stockholm in December 1991, in which a
about the universal use of child-seats. To do this, it is number of bins failed. These recommendations recognised

logical that the onus of provision should be placed on the the limitations of purely static load tests for certification.
airline. There are clear advantages for an airline in only
having to train its cabin staff to deal with the use of one CAA RESPONSE
type of child-seat, optimised for the airline operation, and On 23 October 1990 the United Kingdom's CAA (Civil

in not having to deal with child-seats incompatible with Aviation Authority) published a summary of their follow-

the airline's passenger seats. up action on this accident (ref. 4). All 11 of the AAIB
recommendations detailed above were accepted by the

In the meantime, to promote the effective use of child-seats Authority.
and to put operators in a position to provide child-seats
themselves, the AAIB recommended that: FURTHER WORK - 'AIRCRAFT ACCIDENT

"The CAA expedite the publication of a specification INVESTIGATION TOOL' (AAIT)
for child-seat designs." The use of the KRASH computer program as a part of the

impact study in the G-OBME investigation was judged by

Overhead stowage bins: AAIB to have been successful. This was largely due to the
All but one of the overhead stowage bins became detached helpful attitude of both the airframe manufacturer and the
in the impact and they did so in a very uniform manner FAA, under whose auspices the KRASH code was developed.
with the initial separation of the diagonal tie from the
upper surface of the stowage bin and the consequent failure The study was not ideal, however, and did highlight a
of the lateral and vertical ties when the bins moved forward. number of areas for improvement of the simulation
Confirmation of this failure mode was that the only bin not process, both in the operation of the crash dynamics codes

to have separated entirely from its fuselage attachments themselves and in the creation of the aircraft model. These
was IR, the only bin at which forward motion was would enable impact simulations to be run in a more timely
restricted by the presence of a substantial cabin bulkhead. and cost-efficient manner.
It was not possible to determine the actual mass or
distribution of passenger belongings in the overhead bins Following proposals from Cranfield Impact Centre,

but the results of a 1981-82 CAA survey indicated that the therefore, the MoD and AAIB are funding a development
manufacturer's figure (3 lbs per inch of bin length) was programme, spread over 3 years, to provide a usable tool

generously conservative and that the actual loading on G- for the analysis of aircraft impacts. This is provisionally
OBME was about 1*3% of the placarded mass. called the 'Aircraft Accident Investigation Tool' (AAIT).

Quite apart from the injuries caused by the bins, their CONCLUSIONS
presence in the cabin did impede the evacuation and there is This accident highlights three thorny old realities of
a clear case for a substantial increase in design load factors airworthiness codes:-
and for features (such as the incorporation of flexible
mountings) to ensure that cabin 'items of mass' would be 1) The airworthiness regulators have been able to attack

restrained against realistic crash pulses. The AAIB the problems of seating in aircraft cabins. But these
recomnmended: improvements can only be fully effective if the floor can

"The certification requirements for cabin stowage keep the seats apart and the other massive objects within

bins, and other cabin items of mass, should be the cabin ca be kept away from the occupants and from
modified to ensure the retention of these items to their escape routes.
fuselage structure when subjected to dynamic crash

oulses substantially beyond the static load factors 2) The full weight of the current airworthiness code is only

currently required." fully applied to the clean sheet of new type certifications.
After that it's the murkier and more arbitrary world of
derivatives and retrofitl
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3) However good their intentions, nobody can legislate for
good design and this is as true for crashworthiness design
as for my other. The bea we can hope for is a level
playing field, tended by active-but-sensible regulators with
twin passions for aviation and aviation safetyl
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Figure 1 Crash site of G.OBME
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Figure Sa Seat track and seat 3L (forward cabin)

Figure 8b - Floor beam at station 460 (forward cabin)
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Figure 9a Stowage bin attachments (G-OBME)

Figure 9b Stowage bins (G-OBME)



OCCUPANT KINEMATICS SIMULATION
OF THE KEGWORTH AIR ACCIDENT

R. Haidar
N. Rock

HW Structures Ltd
Southam Road

Leamington Spa, Warwickshire
CV31 1FQ, UK

SUMMARY equations depicting the motion of the body.

The use of computer simulation in the The impact biomechanics of the passengers
investigation of the crash of the Boeing of the Kegworth air accident of 8 January
737-400 at Kegworth has highlighted the 1989 was reconstructed using computer
importance of the technique in aiding the simulation. The objective of the study was
accident and medical investigations, to examine the causation and mechanisms of

injuries sustained.
The analysis has shown the importance of
adopting a full brace position for crash An analysis of the behaviour of the
landing thus offering significant occupants during the accident was
protection against injury, considered important to maximise the

knowledge on survivability issues. A study
The major value of the study has shown that group which consisted of orthopaedic
a unique and definitive estimation of the surgeons, engineers, and other specialists
occupant kinematics and the effects on the involved in the treatment of survivors,
crash victims are possible for an aircrash. known as the Nottingham, Leicester, Derby,

Belfast (NLDB) team was formed to collate
1. INTRODUCTION the injury data pertaining to the accident.

Detailed information was collected about
Historically, crash victim simulations have the survivors and the deceased. The data
been performed using anthropomorphic test obtained was used to correlate the injuries
dummies in conjunction with sled and sustained with the biomechanical forces
controlled impact demonstrations. The use predicted by the computer simulation.
of such devices in the reconstruction of
aircraft accidents are costly and time A mathematical dynamics modelling program,
consuming, particularly with regard to the MADYMO(1), was used to predict the injury
variation in pitch, roll and yaw. levels sustained in the impact. The

program comprises of two and three
Within the last decade, data preparation dimensional versions. The two dimensional
for large structural analysis computer version was used as there was no lateral
models have enabled prediction techniques acceleration involved in the accident.
to become a useful tool in the study of Post-processing was undertaken using
structural impact behaviour. Recent MADPOST(2).
advances in the use of mathematical
simulations have also enabled the The Kegworth analysis consisted of a
replication of the test dummy in a crash computer simulation of the motion,
environment, acceleration and force histories sustained

by the occupants. These have been
Mathematical models and computer correlated with injury data. The analysis
simulations have been developed in order to was restricted to those positions where the
predict the response of the body to high seats were retained in the aircraft. Where
accelerations. This has been developed by catastrophic failure of the fuselage and
the automotive industry to simulate the floor occurred, there was loss of survival
response of the occupant to a vehicle space and a further understanding of the
impact, detailed mechanisms involved could not be

undertaken.
The simulation of the human being or test
dummy, like other complex dynamic systems, The aircraft sustained an impact lasting
can be represented mathematically by 2.2 seconds. This commenced with the
zonsidering the body as a system of initial tail skid impact on the east side
elements linked by rotational or of the motorway, until the aircraft came to
translational joints. The stiffness rest in three sections, on the cmbankment
characteristics of the joints are on the west side.
correlated with test. The ensuing motion
of the system can, therefore, be calculated Some seats were retained in the nose
by solution of the Newtonian or commonly section, mostly crew, and also in the tail
the Lagrangian equations. In crash victim section. The latter over- rode the central
simulations these equations are nonlinear section, coming to rest upside down. The
since the forces acting on the elements can centre box section was the area of the
vary with displacement and time. aircraft best preserved, and was chosen for
Accordingly, computer models provide a the simulation. The analysis was therefore
means for solving the differential most applicable between row 10 and row 20,
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that is, the overwing area. contact occurred between the facing seat
back. In the case of the 'breakover'

A survey of structural damage to the seats, the acceleration was sufficient to
aircraft seats and floor was carried out. release the seat backs before occupant
In the overwing area the floor was intact contact. In the case of the emergency exit
and the seats had remained in position. "non-breakover" seats, the impact of the
Examination of the outboard seats of the occupant caused structural failure of the
triple row, showed ( formation of the seat seat back frame.
pan and the front spar depressed on the
unsupported end. A detailed assessment of the injuries

sustained by the occupant in row 15 was
2. MODEL DEVELOPMENT compared with the computer predictions and

is described below:-
A single occupant from whom a fairly
comprehensive set of data was known, was 3.2 Facial Lacerations
selected for the study. This was to permit
a correlation study to be made. The The forehead of the simulated occupant
occupant chosen for the correlation was contacted the table of the seat in front.
seated in row 15, directly behind the Head Injury Criteria (HIC) (3) of just
emergency exit over the wing. The occupant under 300 were predicted, thus facial
assumed a brace position. lacerations would be expected although it

is unlikely that serious head injury would
Studies on a sister aircraft were used to have occurred.
determine a probable brace position of the
occupant. This was supplemented by the In the accident, the site of the head
anecdotal evidence of the survivor. The contact was clearly identified by witness
latter was represented by a Hybrid III marks on the seat back and confirmed the
dummy dataset, Figure 1. analysis. An indentation mark on the top

left hand side of the seat back was thought
The simulation comprised of two seat rows to have occurred due to elbow strike. This
with a 32 inch pitch. The front seat held was followed by head strike against the
a second, supplementary, 50th percentile horizontal bar, and the lower portion of
occupant. This was for the purpose of the seatback. Additionally the levels of
creating the correct response and contact facial injury were also as expected. The
environment for the primary occupant. In occupant did not lose consciousness. This
front of the second occupant a bulkhead was was commensurate with a head injury
modelled to provide an additional restraint criterion of about 300.
for the front occupant.

3.3 Iliac Crest and Upper Thigh Bruising
Most of the seat backs have been designed
such that if a ý all force was applied in The occupant in row 75 sustained iliac
the forward dire-tion they would collapse, crest and upper thigh bruising. On impact,
The configuration of this aircraft also the occupant was thrown forward and rotated
contained non-breakover seats. Thus, with around the lap belt. Belt loads of about
row 15 directly behind the emergency exit nine thousand Newtons were predicted which
the seat backs of the row in front, 14, would have caused bruising around the iliac
were of the non-breakover type. The crest. During the rebound phase of the
computer model was thus set up to represent simulation, the occupant moved up and
the variation in seat back torque, rearward, the belt slipped down the upper

legs causing bruising on the outer thighs.
Inspection of the aircraft after the crash
showed many locked seat backs had suffered 3.4 Lower Limb Injuries
total bending failure, thus the model was
set up such that a breaking torque was The occupant seated in row 15 sustained
required to fail the seat back. right knee bruising. From the kinematics,

Figure 2, slight contact was observed
3. OCCUPANT ANALYSIS between the knee and the seat in front. It

was known that the seat structure deformed
Although there was contact between the tail significantly on the right hand side of the
skid and the ground on the east side of the body which would have caused the body to
motorway, the acceleration levels were twist, pushing the right knee forward into
small, approximately 1G. The tail skid the back of the seat in front.
impact is estimated to have had only minor
effects on the occupants, from a kinematic Clinical assessments of the patients showed
perspective. Although the duration of the few soft tissue injuries around the knee in
impact was for a period of 2.2 seconds, the those passengers seated in this region of
occupant simulation was run for a period the aircraft. This was well predicted by
of 1.4 seconds, beginning at the instance the computer simulation with femur axial
when the aircraft was in horizontal flight loads in both the braced and unbraced
over the motorway. This embraced all the occupants well below the accepted limit of
significant PvPnts giving rise to the 10 Kilnewtons. This suggested that
forces sustained by the occupants. significant knee contact with the seat in

front had not occurred. Further clinical
3.1 Brace Position Analysis reviews showed that the majority of femoral

fractures had taken place in the central
The computer model which was developed, seat of the triple row where the lateral
accurately predicted those injuries spar was supported by the seat legs. Where
sustained by the occupant being studied, the spars were cantilevered, they have
The occupant experienced a double impact exhibited bending failure thus resulting in
with the seat back in front. Head and arm energy absorption and consequently, no
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femoral fractures. Whereas, for the three point belt and rear
facing analysis there is a decrease of 5%

The computer model predicted flailing of and 45% respectively.
the lower limbs and contact with the seat
in front, when the lower leg was positioned In observing the chest accelerations, the
forward of the knee joint, Figure 3. The result of the upright occupant has
simulation of the brace position showed increased by 77%. For the three point belt
that should the lower leg be kept ten a decrease of 3% is obtained, whereas, for
degrees rearward of the vertical flailing the rear facing position an increase of 35%
of the legs would not occur and no tibial has occurred. However, it must be
or foot contact would take place with the emphasised that the latter is well within
seat in front. the standard injury limit of 60G as

specified in Federal Motor Vehicle Safety
4. UPRIGHT POSITION ANALYSIS Standard (FMVSS)208. The increase was due

to the seat back being constrained from
Many of the passengers in the aircraft did moving rearwards. This could be reduced by
not assume a brace position, and remained the introduction of a stroking device at
seated upright. The injury levels sustained the seatback or rear seat legs.
by these occupants were examined.

For the pelvic loads, the upright occupant
The simulation of the upright occupants shows an increase of 49% which is likely to
utilised fiftieth percentile Hybrid III cause fracture. This fact was also
dummy datasets seated in two rows. Unlike confirmed by the NLDB team, for those
the situation for the braced, where a occupants who remained upright suffered
single, well documented occupant was pelvic fracture. For the three point belt
selected for correlation purposes, an and rear facing seats an increase of 11%
equivalent upright occupant could not be and 4% were observed.
identified for close study. Nonetheless,
several similar occupants were examined on A reduction in belt load of 58% was
a more general basis, obtained with a rear facing seat. The load

obtained was due to the rebound of the
The computer predictions of the injuries occupant against the belt. The seat leg
sustained were found to be consistent with loads, which were extracted from the
injuries of the survivors. Head injury interface with the aircraft floor, show a
criteria, circa 1000, were consistent with small increase in load for the rear facing
concussion. Contacts representative of seats.
pelvic and lower limb injuries were
predicted. The femur axial loads for the upright

occupant showed an increase of 45%. A
Medical records of the NLDB team showed decrease of 14% and 5% were observed for
that there was an increased incidence of the three point belt and rear facing
unconsciousness due to concussion for those positions.
passengers who assumed an upright position.

The result of the femur vertical force for
A comparison of the upright occupant the brace position showed higher loading
simulation with the brace position showed than the other parameters considered. It
considerable differences in results. is important to note that a decrease of 65%
Significantly higher HIC, thorax, femur and in the femur vertical component for the
pelvis injury levels were obtained. The rear facing seat was observed.
simulation, Figure 4, indicated a higher
degree of penetration of the occupant into The load on the fibula was highest with
the facing seat back with increased head, the rear facing seat. The increase was due
and chest accelerations. Severe rotation to contact against the front seat spar.
of the knee and foot joints were also This could be reduced by the introduction
apparent. These were attributed to the of an energy absorbing calf support at the
increased relative velocity of the upper front of the seat.
body before striking the facing seat back.

The results of the foot loads showed that
Two further configurations were modelled to the highest loads obtained were observed
investigate the effect of lap and shoulder with the upright occupant. This was as a
restraints and rear facing passengers in an direct result of leg flailing.
aircraft accident such as that at Kegworth.

5. CONCLUSIONS
It is important to note that the assessment
of the three point belted occupant was made The upright occupant simulation
with a standard seat. The retractor and demonstrated significantly higher HIC,
shoulder belt anchorage were located on the thoracic acceleration and pelvio injury
fuselage of the aircraft. The rear facing levels, with a slight increase in femur
seated occupant was also analysed using the axial loading. The upright position
same standard seat design, however, the kinematics indicated a high degree of
seatback was constrained in order to stop penetration of the of the head of the
the seatback from failing, occupant into the facing seat back with

increased head, chest and knee contact.
The results presented in table 1 show the However, the proximity of the knee to
percentage comparisons and indicate the facing seat back was insufficient to cause
following:- major injury. The simulation has also

highlighted the degree of rotation which
Taking the results of the brace position as has taken place at the knee and ankle
the baseline values, the HIC value for the joints. A significant discovery was also
upright occupant has increased by 250%. made using the simulation, in the adoption
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of a new brace position, as illustrated in of the seat.
Figure 5. It should be noted from this
figure that the lower limbs are inclined Regulations should control both femur
slightly rearward of the vertical to reduce bending and axial compressive loading,
foot and lower leg injuries, rather than axial loading alone.

Presently, only axial compressi',e loading
The computer simulation was able to confirm limits are specified.
and predict the clinical findings of
increased head injury in those occupants The analysis used in the simulations
who did not assume a brace position. The utilised an additional occupant seated in
absence of knee contact as demonstrated by the row in front to simulate the forward
soft tissue injuries around the knee was contact environment, that is, a twin row
also predicted. This, conclusively, analysis. The effect of the occupant
demonstrates that the reconstruction of seated behind the primary occupant should
impact biomechanics using computer be assessed.
simulation is a valid technique.

Work should be conducted to assess the
The occupant simulation of the three point occupant kinematics against regulatory
belt analysis, Figure 6, showed that no standards with direct correlation with
head contact occurred against the seat back sled testing in order to improve aircraft

front. However, tibial contact took seat design.
place with significantly reduced loads.
Reductions iro femur and belt loads were The use of crash testing to predict
also obtained. aircraft accidents is costly and time

consuming, particularly in accident
The simulation with the standard investigation. The degree of pitch and
constrained rear facing seat showed that roll is not readily reproduceable. Such
neck hyper-extension and fibula contact parameters are easily investigated using
took place, Figure 7. These occurrences computer simulations. This has been
may be reduced by providing a higher head successfully demonstrated in its
rest and calf support on the seat. The application to the Kegworth M1 aircrash.
assessment of the results shows that
reductions in HIC and femoral loads were 7. REFERENCES
obtained, although it is expected that the
HIC level will increase with a higher seat 1. MADYMO Occupant Simulation Program.
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HIC Max Head Max Chest Femur Femur Belt Seat Seat Pelvis *Tibia *Foot
Parameter 0 Accql Accll Axial Vert Load Front Rear Load Load Load

36ms (r/s (r/s Load(N) Load(N) (N) Leg(N) Leg(N) (N) (N) (N)

Brace 278 534 332 2330 2720 9441 19284 20346 5394 0 0

Uprignt 974 798 586 3367 1342 8798 16547 20821 8024 1152 930
(-250%) (-49%) (+77%) (+45%) (-51%) (-7%) (-14%) (+2%) (+49%) - -

3 Point 266 462 321 1995 1688 7778 19205 19581 6005 1560 711
Belt (-5%) (-14%) (-3%) (-14%) (-38%) (-17%) (-0.4%) (-4%) (+11%) - -

Rear 152 369 448 2220 961 3967 20136 19664 5597 1807 0
Facinq (-45%) (-31%) (+35%) (-5%) (-65%) (-58%) (+4%) (-3%) (+4%) - -

Results for Brace,

Upright, Three Point Belt and Rear Facing Occupants - Parametric Study

TABLE 1

Note: *Contact loads against seats only.

-IY I NE 0 ms

Braced Occupant Model

FIGURE 1
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CAN INJURY SCORING TECHNIQUES PROVIDE ADDITIONAL INFORMATION
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predictor of mortality, survival time,
SUMMARY hospital length of stay and disability

(5). This has now led to a definition of
The Abbreviated Injury Score (AIS) and a patient with "major trauma", as a
Injury Severity Score were calculated for patient who scores an ISS of sixteen or
all passengers and crew of the Mlall pasengrs ndcre ofthe Mi more points. An ISS of 16 is predictive
Kegworth aircraft crash. Regional scores or points A o i c
were significantly higher in nonsurvivors of a 10% mortality (3).
than survivors of the impact. Mortality At 8.26 pm. on Sunday January 8, 1989 a
and ISSs were found to correlate with the At Midlands Jang 7 , 19r9nastructural damage sustained by the British Midlands Boeing 737-400 airliner
structraft. Tdemuse ofsinjustg thae crashed whilst attempting an emergency
aircraft. The use of injury scoring has landing at the East Midlands Airport,
highlighted variations in the severity of land, The ast sustands two
injuries sustained by occupants involved England. The aircraft sustained two
in an impact aircrash. This information impacts; a minor impact on the east side

has demonstrated that other factors in of the MI motorway that caused no

addition to the force of the impact were significant damage, and a further second

involved in the causation of injury, such impact that caused severe damage on the
west side of the motorway where theas structural integrity, attempts by aircraft came to rest. Fortunately a

occupants to protect adjoining small fire in the port engine was quickly
passengers, being struck by loose objects extinguished by the waiting emergency
and rear facing seats, services.

. INTRODUCTION A baby, 117 passengers and 8 crew-memberswere on board the aircraft when it

injury scoring as a means of classifying crashed. Thirty nine passengers died at
the extent of trauma has a long historyi the scene of the accident and the 87
The extreniated ofntuma h cas e a lon istory initial survivors were transferred to oneThe Abbreviated Injury Scale (AIS) is an of four hospitals in the region (8), -

anatomical threat to life scale that has Univer Hospital , Nongham;ben ccptdwoldwie sth sstm f University Hospital, Nottingham;been accepted world-wide as the system of Leicester Royal Infirmary; Derbyshire

choice for assessing the severity of road
related impact trauma (14). However the Royal Infirmary; and Mansfield and

majority of impact injury patients die District General Hospital.
because of more than one injury. Injuries injury scoring (AIS & ISS) has not
that in themselves would not be life Ijr crn AS&IS a othreatening could have a significant previously been used to assess trauma aseffect on mortality when combined with a result of a major civil impactother injuries. aircrash. This paper reviews the AIS and

e iISS data of all those on board theaircraft and carries out a correlation
Baker et al. (2) devised a system, the witrcracupand surieal a corruction

Injury Severity Score (ISS) as a means of h occupant survival and the structural

assessing multiply injured patients. damage to the aircraft.
Injury Severity Scoring has become an
established scoring system for survival
prediction and trauma audit. It is an
index of anatomical injury, but takes no It is well known that passengers often
account of the physiological or exchange places or move to different
psychological effects of trauma. The
score has been found to be useful as a empty seats once they have boarded an
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aircraft (10) and this was discovered to injury is used. ThF hpghe~t ISS
have occurred on this flight. Using the attainable is 75 (ie. 5 + 5 + 5 ) or if
original 'boarding' seating plan and any body region scores an AIS of 6, an
statements made by the survivors, a ISS of 75 is automatically scored. The
definitive seating plan (Figure 1) was ISS is a non-linear discontinuous score,
constructed. Once the position of each with gaps (ie. unobtainable scores such
occupant had been determined, it was then as 7, 15, 23 etc) becoming more frequent
possible to relate their injury scores to as scores approach the maximum possible
their location within the aircraft. value of 75 (7).

At the time of the accident, the aircraft
broke into three main sections with two 3. RESULTS
main areas of fuselage destruction,
forward and behind the wings (Figures 1 & From the seat plan (Figure 1) it can be
2). The centre section (overlying the seen that the majority of deaths occurred
strong wing torque box) remained in those regions of the aircraft that
relatively intact. The accelerations sustained major structural damage, but
experienced in this region of the there was additional scattered mortality
aircraft have been calculated as being of throughout the aircraft.
the order of 18G in the Gx plane
(horizontal) and 22G in the Gz plane
(vertical) (15). Figure 3 illustrates the ISS of each

person and their location within the
In the forward passenger compartment of aircraft. The average ISS of all
the aircraft, overlying the forward occupants on the aircraft was 28 with a
luggage hold, the floor collapsed with range of 1 to 75. Survivors (those 87
seats in rows 1 to 9 cruhed concertina removed from the wreckage alive) had an
fashion into one another. In the region average ISS of 15 (range 1-50) and non-
behind the wings, the tail of the survivors (n = 39) had an average ISS of
aircraft jack-knifed through 90 degrees 55 (range 21-75). Of the initial 87
crushing the roof and disrupting the survivors 30 (37%) had an ISS of 16 or
fuselage and seating in this region. greater.
Overhead stowage bins, roof panelling and
galley equipment became detached from the A significant increase in the mortality
aircraft fuselage on impact. rate at the scene was seen in those

regions of the aircraft with a structural
The structural damage to the aircraft's damage score of 15 or greater ( Chi
fuselage was assessed and scored square = 26 with I d.f. p=< 0.0005 ). The
according to the amount of damage ISS was found to correlate with those
sustained either to the floor, walls or regions of the aircraft that sustained
roof of the fuselage for each side, left the most severe structural damage, such
and right. Damage was scored at each seat that an increasing ISS was associated
row on a scale of 0 - 5, with 0 the score with greater degrees of fuselage damage
for a normal structure and 5 indicating (Spearman rank correlation, rho = 0.569
that the structure was absent. Thus for with 116 d.f. p=< 0.0005).
any given row a score of 0 indicates that
the fuselage remained largely intact and The maximum regional AIS, for each body
a score of 30 that the fuselage was region is recorded in figures 4 - 8.
completely destroyed (figure 2). Analysis of injuries and mortality will

be further considered for those 118
Regional AIS were calculated for every occupants seated in the passenger
person on the aircraft using clinical compartment. The injury scores for the
notes and/or post-mortem findings. The crew and those for the child in the
American Association for Automotive mother's arms have been excluded from the
Medicine Abbreviated Injury Score (1985 analysis because their seating
revision) was used(l). In this system the arrangements differed significantly from
body is divided into six regions - head those seated in the forward facing
and neck, face, chest, abdominal and passenger seats. Deceased occupants were
pelvic contents, extremities and pelvic considered to be those 39 patients who
girdle and, general (external). The died at the scene of the accident. of
injuries are scored in each region with those 19 (49%) non-survivors to sustain a
an increasing severity from 1 to 5. A maximum ISS of 75 (fig 3), the ISS
score of 1 is considered a minor injury indicated was as a result of sustaining
wereas a score of 5 is considered a an AIS of 6 in the regions of head and
critical injury, survival uncertain. A neck (n = 10, fig 4), and the chest (n =
score of 6 is possible for any given 9, fig 6). These injuries could be
region but is considered to be non- considered to be immediately fatal and
survivable in AIS 85. Figures 4 - 8 reflects the severe destruction that
record regional maximum AIS for each seat occurred to the aircraft in the region in
position. front of the wings.

The ISS has been calcuated using the The variation in average regional AIS in
system of Baker et al (2) as the sum of survivors and non survivors is
the squares of the 3 highest regional demonstrated in table 1.
Abbreviated Injury S5ores. Therifore ISS
- AIS l) + AIS + AIS43 where Injuries of the head or neck (asAISl; "AISf2 a&WAISt3 arl 1h; three
AoS•f"sve)AiS( 2 njuredIr( 3 ons. On thre indicated by an AIS of 1 or more) were
osi severly Injured r giona. only the sustained by 33 (85%) of the non-

contribution of the most major regional
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survivors and 31 (39%) of the survivors. It has long been recognised that if the
Non-survivors sustained significantly force of an abrupt deceleration following
more severe head or neck injuries than an impact excedes the strength of the
the non-survivors (Chi square = 37.5 with retaining devices the passenger will be
3 d.f. p=< 0.0005). hurled in the corresponding direction

sustaining secondary impacts (5). In this
Chest injuries occurred in 38 (97%) of particular accident it seems that
non-survivors and 32 (41%) of the fuselage failure with collapse of seating
survivors. A significant difference is was responsible for the severe crush
again demonstrated in the severity of the injuries seen in the non-survivors.
chest injuries in the two groups (Chi Conversely in those areas of the aircraft
square = 87.5 with 3 d.f. p=< 0.0005). that retained the integrity of occupant

protection devices, the devastating
Twenty eight (72%) of the 'on scene' injuries to the heads and chests of
deaths demonstrated injuries to the occupants were less frequent.
abdomen or pelvic contents. This compares
with 29 (37%) of the initial survivors. A number of occupants who died at the
Again a significant difference is seen scene sustained ISSs that may have
between the degree of severity in the two indicated survival was possible. As
groups (Chi square = 30 with 2 d.f. P=< indicated above a cause of mortality in
0.0005). impact aircrashs is entrapment within

wreckage. It is known that the last
Similar findings have been identified for occupant of the aircrash was removed some
the face, extremity / pelvic girdle and eight hours after the accident and
the external regional AIS scores. For the subsequently died from his injuries with
face 17 (44%) non-survivors and 8 (10%) an ISS of 27. In addition the prescence
survivors sustained facial injuries but of fat emboli of varying amounts in all
they were of greater severity in the but six of the non-survivors lungs (4)
deceased group (Fisher exact a suggests that some injuries may not have
probability test p=0.001 6 ). Extremity or been immediately fatal. Pictures of the
pelvic girdle injuries were recorded in scene show the large amount of debris
37 (95%) of deceased occupants and 65 within the fuselage which can only have
(82%) of the survivors. Limb injuries hindered the rescue services.
were more severe in the non-survivor
group (Chi square = 16.8 with 2 d.f. P=< Significant differences are seen in the
0.0002). External injuries were severity of injuries (as recorded by AIS)
demonstrated in all but two of the in those who died at the scene and those
occupants with a significant difference who survived to be transferred to
in the severity being recorded between hospital. Of interest only two survivors
survivors and non-survivors (Chi square = sustained visceral intra-abdominal
16.8 with 2 d.f. p=< 0.0002). injuries that required operative

intervention but 28 non-survivors had
The occupants of the five rear-facing sustained a major visceral intra-
seats, (occupied by crew members) will be abdominal injury. The collapsing of the
commented on briefly. The ISS of the airframe has thus resulted in
occupants if the rear facing seats were significantly greater visceral injuries
10, 8, 5, 4 and 1, giving an average to the abdomen. The high incidence of
score of 6. These seats were located in hepato-splenic injury seen in fatal
regions of the aircraft that remained aircraft accidents, in association with
intact. Statements made by the crew severe head and chest injuries has been
suggest that their injuries had probably commented on in the past (5).
been caused by fixtures breaking free.

It can be seen that injury scores vary
both in survivors and nonsurvivors as

4. DIOCUSSION well as within differing regions of the
aircraft. Why some individuals sustain

The causes of mortality and mechanical severe or fatal regional injuries whereas
injury in an impact aircraft accident others do not is of great interet to
have been identified as: crushing within crash the investigators? It is true to
a collapsing airframe; entrapment within say however that injuries to survivors
the wreckage; being struck by loose seated in intact regions of the aircraft
objects; absence or failure of restraint; were caused as a result of the primary
injuries associated with escape; and forces, and interactions with the
explosive decompression (7 & 10). occupant protection systems (seats and

restraint system) in addition to
Our study has identified a high mortality secondary impacts (as a result of
and ISS in those regions of the aircraft flailing) with the seats in front. It can
that sustained severe structural damage. be seen that a wide spectrum of ISS
Survivability and low injury severity occurred in the regions that remained
scores occurred in those regions that intact. Factors that may have contributed
remained largely structurally intact, include individual variation (age, sex,
with intact seating and restraint, height, weight etc.), and the position
Injuries to the head or neck, and clest adopted at the time of impact. Three
regions appear to account for all individuals seated in 12D, 14D and 15D
immediately fatal injuries seen in the (no row 13 on this plane) all sustained
non-survivors. Head or neck, chest and severe head injuries (AIS = 5) apparently
abdominal regional injuries are also seen as a result of a blow to the back of
to contribute significantly to high their heads. It would appear they have
ISS's. been struck by a loose object.
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The problem of loose objects is further and mortality is inevitable. However this
highlighted by the occupants of rear crash and more recent air accidents have
facing crew seats. The majority of demonstrated that survivability is
injuries sustained by the cabin-crew in possible for large numbers of occupants,
these seats were apparently caused by as long as the seating and restraint
blows from galley equipment which had mechanisms remain intact.
broken free, or other debris. The problem
of overhead furnishings and galley Future designers of aircraft must not
equipment breaking free from their only concentrate on reducing the number
mountfngs and causing injury following an of fatal injuries, but also examine the
aircraft accident has been highlighted by cause of non fatal long term disabling
the American National Transportation injuries in an effort to reduce their
Safety Board (12). incidence. only if the victim of an

aircrash remains relatively injury free
The two cabin-crew sitting in rear-facing can he escape from an aircraft in the
seats at the front of the aircraft each event of a fire.
had an ISS which was considerably lower
than that of forward facing seat 5. CONCLUSIONS
occupants in the same region. Fortunately
for these crew members they were seated Variations in injuries in passengers can
in a strong region of the aircraft that be quickly identified, using injury
remained intact. The effects of the scoring techniques.
impact forces on the occupants around
them was devastating. The Zavourable Injury severity scores correlate with
outcome for these crew members raises structural damage.
again the question of the more widespread
use of rear facing seats in commercial Injury scoring techniques highlight
aircraft . variations in injuries amongst passengers

and crew which may highlight:-
Comparison of ISS scores sustained by Unexpected causes of injury or,
some of the occupants with their Factors that prevent injury.
neighbours suggests that passenger
protection by other occupants resulted in Injury Scoring can provide additional
a higher ISS for the Protector than the information for the crash investigator.
occupant being protected. For example, a
patient seated near the front of the
aircraft protected the adjacent passenger
by putting an arm across the occupants 6. REFERENCES
shoulders. The injury severity score
indicated that the injuries sustained by 1) American Association for Automotive
the protector were significantly greater Medicine: The abbreviated injury severity
than the occupant being protected. The score . 1985 revision, AAAM,1985.
mother in 3F whilst protecting an infant
sustained an ISS of 41 whilst passengers 2) Baker, S.P., O'Neill, B., Haddon,
seated around had lower scores, as did W., et.al.: The Injury Severity Score: A
the infant. Further examples exist in Method for Describing Patients with
occupants seated in other regions of the Multiple Injuries and Evaluating
aircraft. Increased injury to the Emergency Care. J.Trauma, 14-3: 187,
protector may be related to the failure 1974.
of that occupant to adopt a crash brace
position. 3) Boyd, C.R., Tolson, M.A., Copes,

W.S.: Evaluating Trauma Care: the TRISS
Injury scoring has proved a useful tool Method. J.Trauma, 27-4: 370, 1987.
for assessing impact trauma as a result
of road traffic accidents. Injury 4) Bouch, D. C.: Personnel communication.
scoring, using the Abbreviated Injury Coroners Pathologist, Leicester Royal
Scale and the Injury Severity Score, has Infirmary, Leicester, LEl 5WW, ENGLAND.
not previously been used in the
assessment of injuries in a civilian 5) Bull, JP.: The injury severity score
impact aircrash. Injury scoring of road traffic casualties in relation to
techniques have demonstrated that factors mortality, time of death, hospital
other than the impact forces involved may treatment and disability. Accid. Annal. +
have been responsible for the injuries Prey., 7: 249, 1975.
seen in the passengers and crew. Such
factors as entrapment in the wreckage, 6) Hasbrook, H.: Crash injury research: A
failure of restraint, collapse of the means of greater safety in aircraft
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Maximum AIS in Occupants - face
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Maximum AIS in Occupants - abdomen
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Average AIS in Occupants

Average AIS Significance

Survivors Non Survivors p =<

Hlead & neck 1.2 3.7 0.0005

Face 0.2 1 0.002

Chest 1.1 4.6 0.0005

Abdomen & pelvic 0.7 2.5 0.0005

contents

Limbs & pelvic 2.1 2.8 0.0002

girdle

External 1.2 1.7 0.0002

TABLE I
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SUMMARY: pitch down trajectory, made its final impact at the
base of the western embankment. This impact

Following the crash of a Boeing 737-400 aircraft generated high horizontal and vertical loads
on the M I motorway near Kegworth, England, on resulting in severe fuselage damage.
8 January 19897 it became apparent that a large
number of pelvic and lower limb injuries had-been Following the accident it became clear that a large
sustained by the survivors, number of injuries were sustained by the

Had there been a fire this would have severely passengers and crew.

hindered the ability of the occupants to escape. In particular, injuries to the pelvis and lower
limbs were prevalent (Fig. 1). If there had been a

The mechanism of pelvic and lower limb injuries fire, these injuries would-have severely hindered
in impact accidents has been related to flailing of the ability of the occupants to escape.
the limbs and axial loading of the femur. The
validity of axial loading of the femur as a primary Mechanisms of pelvic and lower limb injuries in
mechanism of femoral fracture in an impact impact accidents have been related to axial
aircraft accident is questioned. loading of the femur and flailing of the lower

limbs.-The following scenario has tbund wide
Two methods of study have been used to acceptance in impact accidents. On impact a
investigate the impact biomechanics of the pelvis passenger is propelled forwards and the knees
and lower limb: clinical review and impact testing strike the bottom of the seat ahead, causing
using anthropomorphic dummies. injuries to the knee, upper tibia and lower femur.

The impact forces are then transmitted up the
Our study suggests that in the presence of intact femur driving it backwards into the pelvis. This
occupant protection systems, bending of the femur leads to femoral shaft fractures, hip dislocations,
over the front spar of passenger seiy is the acetabular fractures and pelvic shear fractures.
primary mechanism of causation of femoral This mechanism is a well described scenario in
fractures,. the automobile industry.

Occupant protection systems designed for civil This study questions the validity of the above
aircraft should be modified to accommodate mechanism in the seated occupants of an impact
loading of the femur over the front of the seat. aircraft accident.

1. INTRODUCTION: 2. METHOD:

On 8 January 1989, a Boeing 737-400 aircraft (G- Two methods have been used to investigate the
OBME) crashed on the MI motorway, near impact biomechanics of the lower limb and pelvis:
Kegworth, England. The crash sequence consisted i) Clinical review of the injuries to the
of two impacts. On final approach with reduced passengers in the . 111 aircraft accident
engine power, the aircraft, in a pitch up attitude, . Impact testing
struck the top of the eastern motorway These two methods will be discussed.
embankment after which the aircraft, rotating to a
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2.1 Clinical Review: conditions were tested. These eight conditions
%were randomised within each G level. Each

The case records, radiographs ana post-mortem experimental condition was repeated five times
reports of all tie passengers and crew were and further randomised within each G level. In
reviewed, the braced position the dummy was bent forward

until the head was in contact with the seat in
Survivors were interviewed during their hospital front. In the unbraced position the A.T.D. was sat
stay and subsequently up to one year later. Initial upright in the seat. Two lower limb positions
interviews at 3 days recorded the incidence and were identified: i) feet forward at an angle of 20
location of soft tissue injuries and during follow-up dcgrees to the vertical and ii) feet back at an
visits simple anthropometric measurements were angle of 12 degrees to the vertical. The dummy's
taken with particular ieference to the buttock-knee knees were separated by 4 inches. The dummy
length. was restrained using one of two lap belt tensions,

20 pounds and 40 pounds. The tension was set
The influence of the crash brace position was using a spring balance.
ar.alyzed using information from survivors
statements, for those seated ;n the cerare section of
the aircraft (rows 10-17 and up to row 20 on the 3. RESULTS:
port side), where the seating remained attached to
the fuselage. Passengers were asked to recall the 3.1 Clinical Review:
position Nat they adopted at the time of impact, in
particular the placement of the lower limbs. If the Lower Limb Fractures:
passengers assumed a position as recommended by 237 pelvic and lower limb injuries were sustained
the British Midland Safety Instruction Card (Fig.2) by the occupants of G-OBME, wJh 142 of these
they were classified as adopting a braced position. injuries occurring in the survivors (Fig.4).
Those passengers failing to adopt such a position
but bracing in some other manner were described There were 35 femoral fractures in 31 people (19
as partially braced. Those passengers remaining survivois and 12 victims) distributed throughout
seated upright were described as unbraced. the aircraft.

In areas of extensive siructural damage (fore and
2.2 Impact Testing: aft sections) passengers suffered compound

comminuted types of fracture as a result of
Impact testing was performed at dhe R.A.F. disintegration of the air frame, secondary impacts
Institute of Aviation Medicine, Farnborough. Th,- and crushing (Fig.5). The incidence of fractures
impact facility comprised a wheeled vehicle in the non-survivors was reported to be lower
running on a track 46m long. The vehicle is than for the survivors. This may be true but more
initially accelerated by stretched bungee cords likely represents some under-reporting at post-
attached to a bogey. The vehic'e coasts mortem and underlines the desirability of
immediately prior to the impact. radiographic examination of all crash victims.

A multiple row test fixture was selected using seats In the central section of the aircraft, structural
from G-OBME mounted at a 32 inch seat pitch damage was limited and the seating remained
(Fig.3). Plasticine to a depth of 0.8cm was placed largely intact. For occupants seated in this
on the posterior spar and the back of the knee section, a good data set was available with x-ray
panel of the seat in front. Seats were orientated in documentation of their injuries. Therefore, for the
a Gx plane to simulate -Gx horizontal impacts. An purposes of this review, attention has been
instrumented Hybrid III, 50%, anthropomorphic directed at this group of passengers.
test device (A.T.D.) was used as the experimental
model. It was placed in the rear of the two row Fracture Types:
configuration and in the outside seat to enable data There were 10 femoral fractures in 9 passengers
collection. A 50% OGLE dummy was placed in seated in this section of the aircraft. Many were
the outside seat of the forward row of seats in proximal femoral fractures. Fracture types
front of the Hybrid III A.T.D. included, transverse, transverse with butterfly

fragment, oblique and spiral fractures suggesting
The vehicle was fitted with an accelerometer to that one simple mechanism of injury could not
record the input acceleration of the test fixture. fully explain all fractures.
Further accelerometers were placed in the pelvis of
the Hybrid Ill A.T.D. to measure -Gx and +Gz Soft Tissue Injury and Fractures:
accelerations. Lap belt loads were measured with a If axial loading of the femur was a primary
pre-calibrated force link attached in series to the fracture mechanism then one would expect
lap belt. Knee shear data was recorded for both evidence of soft tissue injuries around the knee,
knees. Pelvis, thigh and ankle displacement data indicating impact. Fig.6 shows that in the central
was recorded using the Selspot Motion Analysis section of the aircraft, 16 of the 38 occupants
System. All impacts were recorded on a high sustained soft tissue injuries around the Knee. In
speed video camera system. those 16 passengers only 4 sustained a femoral

fracture. This compares with 7 femoral fractures
The effects of the brace position, lower limb in the remaining 22 passengers with no evidence
placement and lap belt tension were investigated at of soft tissue injury. Thus there appears to be no
vehicle -Gx accelerations of 9,16 and 20G. For relationship between soft tissue witness marks
each of the designated G levels eight experimental around the knee and femoral fracture.
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Anthropometric Measurements and Injury: described below. On impact a passenger seated in
Similarly with axial loading it would be expected an intact region of the aircraft is propelled
that patients with a greater than average buttock- forwards. The knees strike the bottom of the seat
knee length would show an ;ncreased incidence of in front causing injuries to the knee, upper tibia
soft tissue injury around the knee. This was "ot and lower femur. The impact forces are then
the case (Fig.7). transmitted up the femur driving it backwards into
However, an increased buttock-knee length was the pelvis. Th is is said to lead to femoral shaft
associated with an increase in the rate or femoral fractures hip dislocatioas, acetabular fractures
fracture (Fisher Exact Test p= 0.344). and pelvic shear fractures.

Bracing and Fractures: Evidence provided from the clinical review of
Six of the nine femorai fractures occurred in passengers seated in the middle section of this
individuals who adopted a braced position, with aircratt and from impai.t testing sggests that this
one occurring in a partially braced occupant and may not be the case as-
twoi n patients who were unable to recollect the
position that they adopted at the time of impact. 1) Differing fracture types were found including,
This apparent increase in the incidence of femoral transverse, transverse with butterfly fragment,
fractures associated with the braced position is not oblique and spiral fractures. This suggests that no
statistically significant (Fisher exact probability test one simple mechanism of injury explains all
p = 0.6849. fractures.

Transveise fractures are produced by bending or
Seat Damage and Femoral Fracture: flexural load. The butterfly fragment transverse
There was ar association between the incidence of fracture is a variation on this theme with the
femoral fractures and seat position. Of those 6 added element of compression in conjunction with
passengers sitting in a central seat row, 4 sustained bending. Oblique fractures are produced by a
temoral fractures. This compares with five femoral combination of torque and comrpression. Spiral
fractures in the remaining 32 patients not seated in tractures indicate a torque mechanism.
a central seat. This difference is statistically Comminuted fractures with multiple bone
significant (Fisher exact test p=0.0398). fragnients are usually seen as a result of high

energy transfer with the load concentrated over a
small area.3.2 Impact Testing: 2) Soft tissue injury around the knee was not

Motiop of the Dummy: associated with femoral fracture or an increased
Review of the high speed video recordings made it buttock-knee length.
apparent that on no occasions, at a 32' seat pitch,
did knee contact occur with the back of the 3) Impact testing has demonstrated that knee
forward seat (as evidenced by the lack of impact did not occur with the back of the seat in
indentation in the plasticine). This suggests that front in any of the cxperimental conditions.
significant axial loading of the femur does not
occur as a result of knee impact with the seat in From the clinical review the following facts
front, in this test configuration. emerge:

Flailing of the lower li i bs under the seat in front 1) The typical femoral fracture was proximal.
was shown not to apply in all situations.
Positioning the lower eg such that it lies 12 2) There was a significant increase in the
degrees behind a line drawn vertically through the incidence of femoral fracture in the central seats
knee prevented flailing of the lower leg in all the of a row. In these seats the front spar is supported
experimental conditions. more rigidly.

Horizontal knee displacement increases with 3) In the outside seats the front spars
increasing -Gx acceleration and with decreasing demonstrated bending.
lap belt tension. A maximum knee displacement of
19(cm) occurred at 20G, indicating that on impact 4) There was an increase in the incidence of
the femur translates forwards such that the femoral fractures in people who adopted a braced
proximal femur .- mes to lie over the front spar of position and in those with longer than average
the seat. femurs although these differences were not

Vertical knee displacement was greater when the statistically significant.
legs flailed .(maximum = 126mm +/- 4mm) than From impact testing the following facts emerge:
when they did not (45mm +/- 26mm). High speed
video showed that with increasing knee 1) The lower limb and pelvis appears to be loaded
displacement the thigh impinges over the front seat at 3 fixed points;
spar to a greater degree. This suggests that the a) the lap strap
femur may be loaded over the front spar especially b) the front s,-ar of the seat
when leg flail occurs. c the posterior spar of the seat in front.

2) On impact the body is translated forwards such
4, DISCUSSION: that the proximal femur comes to lie over the

front spar of the seat.The accepted mechanism of injury to the femur is
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3) Hyperextension of the knee occurs when the
lower legs flail and vertical knee displacement is
greatest in this situation.

These facts suggest that a bending mechanism may
be important in the production of femoral
fractures.

It appears that on impact the slack in the lap belt is
taken up and the pelvis is loaded. The femur
translates forwards so that its proximal portion
comes to lie over the front spar of the seat. The
distal femur is loaded as it passes under the
posterior spar of the seat in front and the loading
is increased by flailing of the lower legs (Fig.8).

This proposed mechanism would explain why
femoral fractures were predominantly proximal
ano why transverse fracture patterns were seen.
Moreover, bending failure of the front spar
would introduce an element of rotation or torque
into the fracture mechanism thereby accounting for
some of the other fracture types seen.

The increased incidence of femoral fractures in
those individuals seated in a central seat can be
attributed to the increased rigidity of the front spar
in this location.

There was an increased incidence of femoral
fracture in those who adopted a braced position. It
is interesting that at impact testing, vertical knee
displacement was seen to be greatest in the braced,
legs forward, position perhaps indicating greater
loading of the thigh.

Furthermore, clinical review suggests that those
individuals with longer than average femurs
sustained more femoral fractures. If a bending
mechanism is relevant then with a longer lever an
increased bending moment will be experienced and
hence fractures would be more likely.

These experiments suggest that axial loading is not
the primary mechanism causing femoral fractures
in the seated occupants of an impact air crash.

Instead a bending mechanism appears to be
involved where the proximal femur is loaded over
the front spar of the seat.

This research raises several important questions:
1. Does a bending mechanism explain the pattern
of femoral fractures seen in the seated occupants
of an aircraft crash?

2. What effects do changes in body posture have
on the loads produced in the lower limbs. In
particular, bracing with the feet forward leads to
an apparent increase in femoral fractures. Is this a
result of flailing.

If filaling does not occur with different placement
of the lower limbs then how will this effect the
loads acting on the femur and what are the
consequences in terms of possible other injury
patterns for the lower limb.

3. What is the optimum brace position for an
aircraft crash?
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FIGURE 1:

Major Injuries in Survivors
of the M 1 Aircrash

(For 87 Patients Surviving the Crash)

INJURY No
HEAD 43
THORACIC 23
ABDOMINAL 2
SPINAL 24
PELVIC/LOWER LIMB 142
UPPER LIMB 59

FIGURE 2: Brace Position
From British Midland Safety Instruction Card 1989

..........



FIGURE 3: Passenger Triple Seat
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FIGURE 4:

M1 Aircrash
Lower Limb Injuries

(Total of 237 Injuries in all Occupants)

REGION NUMBER(%) PEOPLE(%) %COMPOUND

PELVIS 32 (13%) 32 (25%) 0%

FEMUR 35 (15%) 31 (25%) 3%

KNEE 23 (10%) 22 (17%) 35%

TIBIA 69 (29%) 54 (43%) 64%

ANKLE 50 (21%) 42 (33%) 54%

FOOT 28 (12%) 23 (18%) 46%
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FIGURE 5: Distribution Of Femoral Fractures
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Buttock - Knee Length
and Soft Tissue Injuries

Around the Knee

GREATER LESS UNKNOWN
THAN MEAN THAN MEAN

TISSUE YES 4 9 3
INJURY
AROUND NO 8 8 6
KNEE

Chi-square p=0.505

FIGURE 8:
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Occupant Simulation as an Aspect of
Flight Safety Research

J.J. Nicbocr, J. Wismans and R. Verschut

TNO Crash-Safety Research Centre

p.o. Box 6033

2600 JA Delft. The Netherlands

ABSTRACT the injuries sustained [9,131*. Figure 1 shows a KRASH
In the field of flight safety research there is a growing interest model of a helicopter. The programs SOMLA and SOMTA
for mathematical simulation of human response and injuries combine a three-dimensional multibody model of aircraft
associated with survivable aircraft accidents. A mathematical occupants with a finite clement model of the seat structure
tool can be very helpfui to evaluate and improve on-board [3,14]. SOMLA models a single occupant, whereas SOMTA
restraint systems or to assess the effectiveness of different seat has the capability to model up to three passengers. Only a
designs. The passenger brace position, being a human factor, fixed number of segments can be specified for representation
can be evaluated efficiently as well. of the occupant in SOMLA/SOMTA. The ATR program is

based on the CAL 3D multibody model for crash victim simu-
MADYMO is a well accepted integrated multibody/finite lation in the automotive field [11. Several modifications were
element program for Crash Victim Simulation. Recently the introduced, e.g. the capability to apply aerodynamic forces to
two-dimensional version of MADYMO was successfully the human body.
applied for reconstruction of seat and passenger behaviour
during the MI Kegworth air accident. In this paper a brief
description of MADYMO as well as three flight safety appli-
cations are presented. Special attention is given to the applica- 37 M U

tion concerning a dynamic seat test involving a 50 th percentile
Hybrid II dummy and a P3/4 dummy, representing a nine-
month-old child, seated in a child seat. The MADYMO model
used for this application was validated on the basis of sled test LM

results. It can be learned that MADYMO is capable of pre- ,m-ký.,ar"N-
dicting passenger and seat response in an aircraft crash 7
environment. A discussion on future developments in this
field concludes this paper.

lINTRODUCTION
In safety research the simulation of crashes is of vital inipor-
tance in order to evaluate and improve safety devices and Fig. 1 KRASH model of a helicopter [13].
human body surroundir gs. Most of this worl. is done experi-
mentally with instrumented dummies or human cadavers. Due to modification of the Federal Aviation Regulations
Occationally animals or human volunteers are used. During (FARs) in view of an increased on-board passive safety level
the past years a strong increase could be observed in the use of and the growing awareness that a notable high percentage of
computer simulations due to both the fast developments in aircraft crashes are survivable nowadays, the aeronautics
computer hardware and simulation software. Simulation pro- industry start% to use advanced simulation tools which are cus-
grams can contribute significantly to the insight into impact tomary in the automotive industry. Among these tools are
behaviour of complex dynamical systems, particularly if several explicit finite clement codes, especially useful to
models are used to complement experimental work. determine the crash behaviour of aircraft structures, and the

integrated multibody/finite element program for crash
Examples of computer simulation programs for aircraft crash analyses MADYMO. The main emphasis of this program is
safety analyses are KRASH. SOMLA/SOMTA (Seat the prediction of the kinematics and dynamic behaviour of
Occupant Model-Light Aircraft/Seat Occupant Model- crash victims. Recently the two-dimensional version of this
Transport Aircraft) and ATB (Articulated Total Body). The program was successfully applied for reconstruction of seat
program KRASH uses masses interconnected by massless and passenger behaviour during the MI Kegworth air accident
beams and springs to model the crash behaviour of aircraft p10.111.
structures, while seats and passengers can be represented by
mass-spring systems in order to obtain a rough indication on * Numbers in parentheses designate references at the end of

paper. j/
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In this paper first a brief description of MADYMN1 is giver. as To the bodies ellipsoids or planes can be connected for contact
well as an overview of available crash dummy databases, interaction with other bodies and the environment. Moreover a
Than some earlier MADYM(O flight safety applications will library of force models is available including, for instance,
be discussed, namely the in-flight escape of a crew member belt models, airbags and several types of spring and damper
from the Space Shuttle and a three-dimensional simulation of elements 141.
seat and passenger behaviour during the Ml Kcgworth air
accident. A third more recent example to be presented con- For the simulation of structural deformations the multibody
cerns the simulation of a dynamic seat test involving a 5 0 th elements can interact with structures moxdelled with finite cle-
percentile Hybrid II dummy and a P3/4 dummy, representing a ments. Triangular niemibrane elements of constant thickness
nine-month-old child, scared in a child restraint system, with special material models for fabrics have been imple-
Simulation results obtained from this example will be coin- mented for the simulation of airbag dynamics (see Figure 3)
pared with the actual sled test results. Different concepts for 18,15.16,18I. In addition interfaces are available between
modelling the seat structure will be addressed. A discussion on MADYMO and the explicit FEM codes PAM-CRASH, LS-
the possible contribution of computer simulations to the over- DYNA3D and DYTRAN for integrated human body-vehicle
all flight safety problem and future MADYMO developments structural crash analysis [71.
concludes this paper.

MADYM(O
MADYMO is a world-wide accepted engineering analysis
program, developed by the TNO Crash-Safety Research
Centre, for the simulation of systems undergoing large dis-
placements. The program has been designed especially for the
study of the complex dynamical response of the human body
and its environment under extreme loading conditions like

events, like the simulation of vehicle riding and handling the

program has been applied succesfully. MADYMO combines
in one simulation program, in an optimal way, the capabilities
offered by the multibody approach (for the simulation of the
gross motion of systems of bodies connected by complicated
kinematical joints) and the finite element niethod (for the
simulation of structural behav iour). Fig. 3 Example of coupled MADYMO multibody/FEM

simulation.
The nxuhihoady parn of the program uses a relative description

for the kinematics of systems of Ixdies. The generation of the MADYM( as an injury bionechanics program offers, in
equations of motion is based on the principle of virtual work addition to standard output quantities like displacements and
in combination with a recursive algorithm for the motion of accelerations, which can be visualized through advanced ani-
the bodies. This formulation offers a very versatile and eco- mation and time-history programs. the possibility to calculate
nomical way for the description of the motions in arbitrary injury criteria like femur and tibia loads, internal joint loads,
kinematical joints. Figure 2 illustrates a number of standard HICn SIt 7ike and VtC.
joints available in MADYMO (version 5.0). In addition Cta
these joints a user can define new joint types by means of user p3/,, p 50t' %ilc 5 0 th %jlc ETROSID
dcfi,,.d . utines. Hybrid II Hybrid III

4a anld $o~rer iommt Ojtle",•,,.1 r;~iana! joino'l

; ,{',, • ,• ', t. "4 Filg. 4 Some of the standard crash dummy databases

./' -' -"available in MADYMO.

StAn important requirement for an effective use of computer

models in the field of crash simulations is that reliable well
Fig. 2 Standard 3D kinematic joints in MADYMO. validated descriptions for the human body are available.

MADYMO offers a number of standard databases for crash

dummies 151. Some of them are illustrated in Figure 4i i.e.
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models for the nine-month (P3/4) and three-year-old (1)3) Anthropoinetry, mass distribution and joint properties of the
TNO child dummies, the 5 0 th percentile adult frontal impact astronaut model are based on a 5 0 th percentile Hybrid 11
dummies Hybrid II and Hybrid III and the European side dummy. Aerodynamical forces on the astronaut are described
impact dummy EUROSID. Databases for the USA side impact as an acceleration field. The propulsion force on the rocket is
dummy SID, and the 5 th- and 9 5 th percentile Hybrid Ill estimated. The pendant line is simulated by a spring-damper
dummies are available as well. In addition to crash dummy element, both elastic and damping properties are estimated as
databases also capabilities are offered in MADYMO to well. The Space Shuttle itself is represented by a number of
generate real human body antropometry and mass distribution contact planes to study the interaction with the astronaut.
data. Figure 5 presents the simulated astronaut and rocket locations

during the first 700 ms. By means of the developed model, the
EARLIER MADYMO FLIGHT SAFETY APPLICA- influence of different parameters like body size, initial
TIONS position, pendant line stiffness and pull angle on the astronait
Among the MADYMO applications and validation studies response can be investigated.
published in the past [121 are simulations of occupants in
frontal and side impacts, pedestrians and cyclists hit by a pas- Aircraft %eat and passenger behaviour during a crash
senger car front, wheelchair occupants during transport, a On the night of Sunday the 8 th of January 1989 a Boeing 737-
child in a child restraint system, simulation of human body 400 crashed on the M I motorway near Kegworth in England.
segments in a crash environment and evaluation of sports pro- Of the 126 passengers on board 79 survived the accident. A
tection devices. In addition, several studies were carried out comprehensive investigation into the cause and effects of this
on truck driver safety, pedestrians and cyclists contacting a accident was carried out by a study group of representatives of
truck front or various side structures of the trailer and motor- various organisations. Besides structural, medical and survival
cycle simulations. aspects attention was paid to the reconstruction of the accident

by means of computer simulations. The aircraft overall
In this paper first two earlier flight safety applications will be behaviour during the crash was simulated by Cranfield Impact
briefly discussed; an in-flight escape of a crew member from Centre Ltd. with the program KRASH. From this simulation
the Space Shuttle and the three-dimensional seat and p,,ssen- movements in time and deceleration pulses of different aircraft
ger behaviour during the M I Kegworth air accident. sections- were obtained 19]. The movement and deceleration of

the mid section were used as input for MADYMO 2D,
Space Shuttle escape allc ring an analysis of seat and passenger behaviour during
The simulation concerns the in-flight escape of a Space the crash. As a result of this analysis, which was performed by
Shuttle crew member [2[- One of the potential mnethods HW Structures Ltd.. possible injury mechanisms could be
evaluated by NASA to obtain a safe escape from the Space identified 110,111. The influence of different passenger brace
Shuttle made use of a tractor rocket escape system. The astro- positions on the injuries sustained was studied as well.
naut is laying backwards on a horizontal ramp with his feet
placed on a vertical foot plate. A small hatch at the side of the The three-dimensional simulation presented here is based on
Space Shuttle is available for the escape. The crew member the MADYMO 2D simulations; in fact all input data originate
harnass system is connected to the tractor rocket by means of from a Civil Aviation Authority report prepared by HW
an elastic rope, further referred to as pendant line. After ec -c Structures Ltd. [6]. Figure 6 illustrates the simulated passenger
tion of the tractor rocket the pendant line will become kinematics. Two aircraft seats behind each other are occupied
stretched and the astrnattt is pulled through the hatcl by 5 0 th percentile Hybrid III dummies, both dummies are
opening. restrained by a regular lap belt. Floor and bulkhead rotation is

prescribed in the MADYMO input dataset. A seat is defined
as a separate system cot.posed of two elements, for represen-
tation of seat cushion and seat back respectively. Both seats
are attached to the floor by means of point-restraints, four
point-restraints are used for each seat. This model set-up

allows for attachment deformation to be taken into account,
0 ms moreover the seats can easily be moved in the model. Gravity
- r ] combined with longitudinal, vertical and lateral crash pulse

- components are applied. As can be learned from Figure 6,

quite severe head impact occurs for both passengers when
... seated in an upright position initially.

300 ms
- DYNAMIC AIRCRAFT SEAT TEST

A dynamic aircraft seat test was performed by TNO. This test
was carried out in accordance with FAR regulations (Part 25).

_ . . To account for the effects of floor deformation that may occur
5M0 ms during an accident, this regulation prescribes the track on one

side of the seat to be rotated 10' about the lateral (pitch) axis
and the other track to be rotated 10, about the longitudinal

j J.,. (roll) axis. as illistrated in Figure 7. For the test the seat legs
were fixed to a flat steel plate (via the original floor tracks)

700 ms instead. Figure 8 slows the initial test set-up. The double-seat
is occupied by a 50th percentile Hybrid II dummy and a P3/4

Fig. 5 Space Shuttle escape simulation.
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Fig. 6 Simulated seat and passenger behaviour during an aircraft crash.

child dummy in a child seat. Both 5 0 th percentile Hybrid II
dummy and child seat are restrained by the standard lap belts
during the test. The 5 0 th percentile Hybrid II dunimy was not
equipped with a lumbar spine load cell as prescribed in thle
regulations, since no potential for spinal injuries was
anticipated. The double-seat was rotated 10' relative to the
acceleration direction of the HYGE sled. Figure 9 shows the
acceleration pulse of the sled. As can be seen in this figure tile
acceleration pulse applied differs only slightly from the ideal
triangular pulse as included in the FAR dynamic test
requirement. No seat structural deformations of importance
could be identified after the test (see Figure 10). Note that the
cover of the right armrest has been removed in this figure. The
sled test, as described above, was simulated utili/ing the
MADYMO 3D program.

Model set-up >
The MADYMO 3D model set-up is given in Figure I1. The
double-seat is represented by a system composed of three
elements, for modelling seat cushion and both seat backs,
respectively. Since a similar seat design was tested as the seats original

on-board of the Boeing 737-4(W) crashed near Kegworth. mosto
input data was derived from the Civil Aviation Authority
report prepared by HW Structures Ltd. 161. Only a few

additional measurements were carried out in order to obtain Fig. 7 Floor wraping conditions according to FAR (Part
missing information. 25, test 2) [14].
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Fig. 11 MADYMO model set-up for dynamic seat test
Fig. 8 Dynamic seal test set-up. simulation.

Validation stud.
Figure 12 shows the simulated kinematics of both dummies

and the child seat (,note that higher order ellipsoids are

visualited as 2nd order ellipsoids in this figure). The valida-

tion stud\ presented here will locus on the behaviour of the
_SoNJ 5III percentile 14yvbrid 1I dummy. When comparing the simu-

lated kinematics of this dumrnv with the kinematics observed

during tile sled test, it can be learned that the computer model

'". - predicts a slightly too last torward motion of the upper part of
not "Itihe body. In time simulation the Hybrid 11 dummy does not

.ouch the seat front tube. which could explain why no defor-

S.®A.m - ations of the front tube could be identified after the actual
test.

The simulated acceleration components of the Hybrid It lower

torso and head are compared with the accelerationrs measured

-® (during tile experiment in Figtre 13. whereas Figure 14 com-

S= , S-pares the sitmuladted uMd eCperinienial lap belt forces. These lap
. . . -belt forces were recorded at the left and right side of the

"d"nintitly pelvis. In general a fairlv good correlation can be

g 9obsers ed beA ceon simulated and experimental signals. The

Fig. 9 HYGE sled acceleration pulse. peak at 140 sis irt the lateral and vertical component of the
lower torso acceleration signal is probably (flre to contact with

te11 armirest when thle dutnrry rebounds from the seat. The
magnilude of dhe bell forccs is correct, however, the curve

shapes could be improved further by taking into account the
deformation and rotation of the belt anchor points.

(;ENERA[ DISCUSSION
Since its appearance tn the market the MADYMO program
"1has been cnrtinttoUsly moodified and improved. In its present

form the program app'ears to he 3 vey Useful tool to users all

over the world for simulation ani a'nalysis of human body
behaviour during a Crash or impact. Although primarily used
or automotive salety applications., the aeronautics industry

showrs an increasing interest as \&ell. A lot can he learned from

knowledge and techniques which are common use in the
automotive industry. suich as energy absorbing interior

Fig. 10 Seat structure after the test. paddings, seat belts, child restraint systems or airbags. Weight.
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Time: 0.MS Time: 3 0. ms

Time: 60. ms Time: 90. ms

I --
Time: 120. ms Time: 150. Ms

Fig. 12 Simulated kinematics.
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Fig. 14 Comparison between simulated and experimental forces in the belt restraining the Hybrid 11 dummy.

'boeter, is alwaes a comhplicating factor in cibi. For encrdp\

absorbing constructions often additional material is required, a

strong reaction surface or siruciue is often desirehle a, ell.
A strong floor structure for example is an important start-ing
condition for improving patsenger Safety on-board f civl I
aircraft. Ar,,ther step could he to adjust tile seýat breakover

stiffness, to incorporate an energy absorbing strUClTu in the

back of the lower end of the seat back and to cover bard parit

tieb could interact A ith the occupant lower extreafities s ilt-
a padding. Special attention Should be paid to passengers
facing a bulkhead or galley. flight attendant (r-,arssard lacing)

seats, pilot interaction withb thle environment, on hoard chl R
seats and equipment restraints.

From the research presented it can he teamned that the, ciurrenti- .th

MAIJYMO version is sttitable for sintulating aircratt Scat and S
passenger response during an actual crash or standard dynallnnc

seat test. Since no seat structural deformation of importance TU T translational joint
was observed after the dynamic seat test presented here and no R: revolute joint
pre deformed state for the seat legs was inititted (as U U universal joint
prescribed in FAR Part 25) to start with, it wsas decided to U----------------U S spherical joint
model the lower part of the seat as a rigid od,,. Wbeo there is,

a predominant impact load component in the vertical direc
tion. as in the "14 G dynainc seat test", a conideribC Fig. 15 Possible MADYMO model set up foi a de-

deformation of the seat front tube and/or seat legs is likel to, formable aircraft seat.

occur. lI, the latter case the lower part of' the seýal c.a be
modelled with several rigid elentents interconnected by ioint,. Instead of tie lumped mass approach for representation of
For this purpose the stiffness properties of structure coin str uctural de'ormlations, a finite e

t 
rement model can be used.

ponents have to be translated into joint properties. The satne This appiroach as [tie advantage that defomuing structures can

holds for a pre-deformen state of the seat legs Figure 15 be analdv.scd mtore in detail, a( disadvantage obviously is the

illustrates a possible set up for a defortoable ,eat model, fact that input file generation as well as the calculation itself
including four different joint types. Figure 16 shows, an olher take more time. So. parametric studies become more labo-

example of this so-called tumped rinass modelling techlniquet a rious. Future developments in both the mttltibody and finite

model of the side-structure of a Passenger car. This nmodcl Aa,s element part (if MADYMO are directed to offer the user an

used to evaluate the effect of vehicle modificat ions ton the optinmal antaly'si, t..,ol in this respect

injuries assessed by the EUROSID-I dtumnvy sitting tl the cu.r
117).

'k. .. . .. .. . . . . . . .. . . . . .. ... . . .. . .. . .. . .. . . .. .. . . . ... . . . . .
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SUMMARY most useful results are summarised.

Numerical simulation can play a key role in design The techniques described below can also be
for crashworthiness and accident investigation, applied to the aerospace industry. They may be
This paper presents recent work in the develop- used during the design process to optimise
ment of occupant simulation techniques for the occupant protection features, and they may also
automotive industry, and describes how the same be used during aco~dent Investigation to analyse
techniques may be applied to aircraft the causes of occupant Injuries.
crashworthiness

OASYS DYNA3D (Ref 1) Is based on the LS-
DYNA3D program developed by Dr J 0 Hallquist

1.0 INTRODUCTION (Ref 2). Dr Haliquist's pioneering work with LS-
DYNA3D has been adopted by automotive

In the automotive industry, recent work has manufacturers world-wide for crashworthiness
focused on the development of an integrated applications. OASYS DYNA3D and its pre- and
approach to vehicle crashworthiness and occupant post-processors are Quality Assured and contain
protection. Previously, several different analytical a number of unique features purpose-written for
approaches were used during the design process. occupant-related analyses, e.g. occupant
Lumped parameter, framework, finite element positioning software and new seat belt algorithms.
continuum and occupant models were all
developed using different software packages.
Frequently, different expert analysts were needed 2.0 OCCUPANT MODELS
to drive each code and there was no means of
establishing continuity or comparability between The use of numerical models for the analysis of
the different types of model. occupant response is well established. The most

common representation of a dummy is as a series
Where occupants and structure are treated of rigid ellipsoids. This section describes how
independently, however, a fundamental difficulty recent work has developed structurally faithful
exists the two systems interact in reality, and it models of biofidelic dummies.
is technically incorrect to model them separately.
This is particularly true of vehicle side impact, in 2.1 Rigid Ellipsoid Models
which the occupant interacts with the interior of
the door structure In vehicle frontal impact, In the simplest analytical simulations, occupants
knee-bolster design requires careful consideration are often modelled as a series of rigid bodies
of how the legs of the occupant influence the representing head, neck, upper torso etc., linked
deformation of the bolster Airbags provide a together to form a mechanism. The rigid bodies
further example: the loading on the occupant are commonly ellipsoidal.S arises from complex interactions with the bag.

s It Is straightforward to represent occupants in this
This paper illustrates how one single computer way using OASYS DYNA3D, since all the requisite
program, OASYS DYNA3D, can now be used in a features (rigid bodies, joints and rotational springs
realistic fashion to address all of the Important and dampers) are available. Figure 1 shows an
aspects of impact In a single three-dimensional OASYS DYNA3D ellipsoidal model of a standard
simulation. Extensive quantitative correlation has automotive Industry durmmy (HYBRID III). The
been carried out against vehicle sled tests and the geometry, masses and Inertlas have been taken
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from published data (Ref 3). An example of this Is shown in figures 3 and 4.
Rib injury Is common In side Impact events, and

The ellipsoidal representation does, however, have the EUROSID dummy has three separate rib units
disadvantages when interaction with restraint used to assess rib injury criteria. Figure 3 shows
systems is considered Belts or harnesses can the finite element model of an impact test on a
slide of f ellipsoids too easily or even become single rib assembly, and figure 4 shows the
stuck in the 'valey' between tvo ellipsoids response of the rib under impact In cases where
2.2 Geometrically Accurate Models existing test data was inadequate for correlation

purposes, further tests were cornmissioned.

OASYS DYNA3D places no restrictions on the Once satisfactory performance was obtained from
geometry used to build an occupant model, and the component models, they were combined to
the occupant 'limbs' do not have to be ellipsoidal, form the complete dummy model. A further set of
More accurate representation of a dummy's correlation exercises was then undertaken,
surface geometry is easily implemented, and the including sled, Impactor and drop tests. These
authors have developed a family of HYBRID III allowed the interaction between components to be
dummy models using data digitised from the calibrated.
dummies themselves. Figure 1 also shows three
of the OASYS DYNA3D HYBRID III occupants - a Figure 5 shows the simulation of a typical
large male (95th %ile), standard male (50th %ile) impactor test on a complete dummy model. The
and small female (5th %ie). Intermediate sizes occupant is oriented In a seated position and
may also be generated. struck by an impactor moving laterally. Figure 6

compares the predicted rib acceleration with test
Modelling of the dummry's correct surface data. These results, used to assess TTI (Thoracic
geometry allows improved Interaction with Trauma Index) injury criteria, could not be
restraint systems. Sliding of a belt over the obtained in this way by use of a rigid body
shoulder, for example, can be modelled more representation of the dummy.
accurately.

2.3 Blofidelic Models 3.0 RESTRAINT SYSTEMS

Although representation of the occupant as a New algorithms have been written for OASYS
series of rigid bodies is sufficiently accurate for DYNA3D to represent seat belt systems including
many applications, there are occasions when a sliprings, retractors and pretensioners. These
more rigorous modelling approach is required. In were written with automotive applications In mind,
vehicle side impact, for example, the compliance and have been used extensively in vehicle
of different dummy components is extremely crashworthiness projects. They can, however, be
important. Injury criteria can only be predicted used for any belted restraint system such as a
with confidence if the internal structure ot tVe pilot harness or airline passenger lap belt.
occupant is modelled.

The features can be included in simulations with
in a recent programme of work sponsored jointly negligible increase in computing execution times.by the Transport Research Laboratory and Ford This section describes the new features.

Motor Company Ltd., the authors have developed

an accurate, validated numerical model of the 3.1 Belt Webbing
EUROSID 1 side impact dummy Figure 2 shows
the OASYS DYNA3D model of the dummy. The The belt webbing is represented by a series of
model is significantly more complicated than the one-dimensional tension only elements, with user
rigid surface dummies shown In figure 1. Those defined force-elongation characteristics for
components which are likely to deform during the loading and unloading. These characteristics may
side impact event have been modelled as non- be derived from dynamic tests performed in the
rigid elements. (It is worth mentioning that laboratory.
OASYS DYNA3D was originally developed as a
general finite element program for the dynamic 3.2 Sliprlngsanalysis of non-linear three-dimensional
structures, and has a wide range of models for Sliprings play an important part in the performance
deformable materials), of the belt. Material feeds through from the

retractor section into the shoulder section, "ndThe development methodology used was to start from the lap section Into the shoulder section, so
with models of individual components, and to motion at shoulder level results In tensioning of
calibrate each component model against test data. the whole belt including the lap section. For this



reason it is inadequate to model the belt simply as 4.0 AIRBAG MODELS
a spring element attached to the D-ring and
shoulder, the process of feed-through must be Airbags are becoming increasingly common in
included A slipring feature has been added to automotive vehicles, especially in the United
OASYS DYNA3D to represent this belt elements States of America. They are also found in some
can pass through the slipring, resisted by friction aircraft, particularly helicopters.

3.3 Retractors This section describes the approach to airbag
modelling thac has been adopted.

The retractor adds significant compliance to the

belt system: even when an inertia-reel retractor The principal concern has been to avoid excessive
locks, webbing can still be drawn off the drum due computer run times: slnce the models are
to film spool effect. intended to be used as a design tool, fast turn-

around time Is a big advantage. The number ofThe retractor feature in OASYS DYNA3D allows elements used to represent the alrbag must be
material to be fed from the retractor into the belt limited to a few hundred, and consequently the
or reeled back into the retractor from the belt. unfolding process (which typically requires several
Before locking, material is reeled in under thousand elements) cannot be simulated.
constant tension, this allows initial form-finding to However, In the majority of cases interaction
take place Once locked, webbing may be pulled between bag and occupant does not commenceout according to a user-defined force vs pull-out until the bag is fully inflated so the unfoldingcurve, process need not be modelled, The approach

employed by the authors has been to use a
3.4 Pretenslonere coarsely meshed pre-inflated airbag.

Pretensioners tighten the seat belt during the When the occupant Is out of position and interacts
initial phases of a crash. There are two main with the airbag as it unfolds, a finer mesh is
types: those that act to rotate the reel of the required. Hallquist (Ref 5)Is currently refining the
retractor, and those that act to move the stalk very complex contact algorithms which are
anchorage rearwards. required if this is to be done properly.

In OASYS DYNA3D, both types can be 4.1 Bag Material
represented. The retractor type is simulated by
entering a pull-in vs time curve, while the stalk An isotropic 'smeared wrinkle' material model has
anchorage can be moved using a preloaded spring, been written to represent the bag. This adopts a
3.5 simple but robust algorithm which has been found

.Weblockers to work well. Although differences in warp and
wef! stiffnesses are ignored, the level of accuracyA pair of toothed cams grip the belt near the is appropriate to the level of modelling of the

retractor to limit compliance due to spool-out occupant.
These devices are simulated by enten,,i a stiffer
characteristic for retractor pull-out. 4.2 Gas Representation

3.6 Tearwebs The presence of gas inside the bag is represented

by pressure applied over the inner surface.A length of belt is sewn up concertina-style, when Although OASYS DYNA3D contains the gas law
the force reaches a given level the threads pull algorithms developed by Hallquist (Ref 2), at this
out, resulting in a controlled dissipation of energy, stage simple pressure vs time curves have been
These features may be modelled by adjusting the used. The curves were derived from pressure
stretch characteristics of the belt elements at the histories measured during actual sled tests.
tearweb

3.7 Interaction with Occupant 5.0 OCCUPANT SPACE MODELLING

Contact between belt and occupant Is achieved As well as modelling the occupant and safety
using the standard OASYS DYNA3D contact features such as belts and alrbag, It Is important
algorithms. In this way, sliding of the belt over the to consider the occupant space. The deceleration
chest or off the shoulder can be represented, of the occupant space Is the primary Input to the
Surface stiflnesses are adjusted to represent the crash event.
compliance of the different body regions of the
dummy. Occupant spaces may be rigid or deformable. j
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Surfaces such as floor pans, dash facia (in the foot to floor contact Is unrealistically
automotive vehicles) or bulkheads (in aircraft) stiff, causing spikes In the acceleration
would usually be modelled as rigid. Dedicated traces at around 40ms, particularly In the
energy absorbing features such as knee-bolsters pelvis.
or seat pans (in vehicles) or other seats (in
aircraft) would usually be modelled as deformable. The time history post-processor OASYS T/HIS
They could be modelled explicitly using allows filtering of results to standard
deformable elements, or as rigid planes with user- specifications (e.g. Channel filter Class 180), and
defined 'ride-down' characteristics. calculation of HIC (Head Injury Criteria) and 3ms

Clip values. For example the 30mnh simulation
Figure 7 shows the OASYS DYNA3D repre- showed HIC of 807 (against 710 and 652 from
sentation of the Hyge rig used In vehicle sled test) and Chest 3ms Clip of 41 (against 37 from
tests. A small number of rigid elements are used both tests). Given the well-known variability of
to provide contact planes. The whole sled Is HIC values these results are considered
treated as rigid, except that the seat Is free to satisfactory.
translate vertically relative to the sled and the
seat pan and knee-bolsters can translate normal Run time was 150 minutes on a low cost
to their surfaces All of these relative motions are workstation for a 140ms simulation.
resisted by non linear spring elements providing
the 'ride-down' characteristics. The crash pulse 6.2 Driver Side Airbag
is applied as a velocity input.

Elevations of the sled are shown in figure 10.
This sled model was used for the correlation Chest and head accelerations are compared with
exercises described in Section 6.0 below, test in figure 11.

Correlation Is good for all variables including head

6.0 CORRELATION WITH TEST acceleration. The analysis took 225 minutes to
run to 140ms on a workstation. The processing

Correlations have been carried out with vehicle times required for these simulations would be
sled test data for the following cases: reduced significantly if run on a supercomputer.

- 30mph Belted
- 35mph Belted 7.0 FURTHER DEMONSTRATIONS
- 30mph Driver side Airbag
- 30mph Passenger side Airbag As mentioned in the introduction to this paper, a

vehicle occupant often interacts with the occupant
In each case results from two sled tests were space In such a way that the occupant response
available and vehicle structure response need to be

considered simultaneously. This Is usually the
6.1 Belted Tests case when the compliance of the structure (e.g.

a knee-bolster) is of the same order of magnitude
Figure 8 shows a sequence of elevations on the as the compliance of the occupant.
sled at 0, 60ms, 90ms and 120ms for the 30mph
belted test Correlation with test results is given Figure 12 shows examples of the Integrated
in figure 9 for chest and head resultant approachtocombinedvehicleloccupantmodelling.
accelerations, head trajectories, and forces in the In figure 12(a), a sled model similar to those
shoulder belt, lap belt and retractor A similar described in section 6.0 has been enhanced to
correlation exercise was performed for the 35mph include a finite element model of selected
belted test structural components. The velocity input to the

sled has been replaced by a lumped parameter
In general, results show good agreement. The representation of the front of the vehicle, and the
discrepancies which arise may be partly due to the single rigid plane knee-bolster has been replaced
following factors: by a detailed shell element representation. In

figure 12(b), even more of the structure has been
Sthe chest compliance may be underestimated modelled explicitly.
thus reducing the forward motion of the head.

Figure 13 shows a much more sophisticated
- contact between arms and facla at 70ms Is analysis. In which a HYBRID II dummy has been

probably too severe. In reality the arms included In a full shell model of the vehicle body.
strike the edges of the foam which Is used In A model like this typically requires many hotfrs
the sled as a knee-bolster. processing time on a supercomputer, but allows
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the full and proper consideration of the Interaction REFERENCES
between vehicle and occupant.

1. "OASYS DYNA3D 5.1 User Manual", Oasys
One of the advantages of the Integrated modelling Ltd. 13 Fitzroy Street, London WIP 6BQ,
approach Is the ability to develop continually an United Kingdom, 1991.
analytical crashworthiness model as the design of
the vehicle progresses. In the Initial stages of 2. Hallquist, J.0., "LS-DYNA3D 902 User
design, a simple model will allow parametric Manual", 1990.
studies to aid design optlmlsation. Towards the
end of the design process, full vehicle models can 3. Kaleps, J. and WhItestone, J., "Hybrid III
support crash tests In the testing ground. The use Geometrical and Inertial Properties", SAE
of one single modelling approach throughout the 880638, 1988.
design process can bring great benefits.

4. Walker, B.D. and Dallard, P.R.B., 'An
Integrated Approach to the Simulation of

8.0 CONCLUSIONS Vehicle CrashworthIness and Occupant
Protection Systems", SAE 910148, 1991.

A single code, OASYS DYNA3D, which Is already
In use for vehicle structure analysis, has been 5. HallquIst, J.O., - Private Communication.
shown to be capable of delivering realistic fully
three-dimensional occupant simulations. 6. Miles, J.C., Sturt, R.M.V. and Leach, J.H.,

"Practical Tools for Vehicle Impact
A broad analytical approach to occupant modelling Simulation Part 2: An Integrated Approach
has been developed. For some applications, a Using OASYS DYNA3D", Proc Inst Mechanical
rigid ellipsoidal model will suffice. When Engineers, Vol 205, 1991.
Interaction with, for example, belt systems Is
required, a geometrically accurate rigid model may
be used. In cases where the relative stiffness of
occupant and structure Is similar, or where the
deformation of dummy components Is used to
assess injury criteria, a more cornplica'ed model
Is available. At all levels of complexity, extensive
correlation exercises have been performed
successfully.

Correlations with sled test results are good for
belt and alrbag restraint systems.

Good results can be achieved using simple models
which take relatively little computer time, even
when alrbags are Involved.

A fully Integrated calculation Is possible, in which
occupant, vehicle structure, restraint system, and
the Interactions between these Items are present.

These techniques may also be used for aircraft
occupant simulation - both as a design tool to
optlmise restraint systems and as an accident
Investlgatlon tool to reconstruct occupant
behaviour during Impact events.

ACKNOWLEDGEMENT

Part of the work reported In this paper was carried
out with the suport of the United Kingdom
Department of Transport (Transport Research
Labotratory).

A



I 5-0

w

w
-J

4 w

cc

a
z
ca

Figur 1. YBRI M Duuny odel



15-7

Figure 2. EUROSID Dummy Model
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(a) Sled Test with Knee Bolster

(b) Occupant in Vehicle Model

Figure 12. Occupant/Structure Models.
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Figure 13. Combined Vehicle and Occupant Crash Model
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Design & Development of an Enhanced Biodynamic Manikin

Paul H. Frisch
William Boulay

Applied Physics Inc.
31 Highview Ave.

Nanuet, New York, USA 10954

Summary:

The research use of manikins for test testing serve more as an
and evaluation of escape and instrumentation platform than a test
crashworhty seating systems, life article to quantify seat occupant
support devices and a variety of safety interaction. Within the frame work of
equipment is well documented by the dynamic testing they provide a
military and automotive communities. convenient structure to mount
The manikin functions to load the instrumentation and telemetry packages,
aircraft or automotive seating system, provide ballast to alter seat
interacting with the surrounding acceleration profiles an! are used to
environment and optimally simulates represent typical anatomical cross
human biodynamic response to transitory sections as subjected to wind blast and
acceleration. Ideally, the manikin detection of deficiencies in the crew
response closely approximates human station clearance envelopes.
responses, enabling direct comparison
and correlation to known human test The advanced manikin forms of today
data. However, manikins provide only a (Hybrid III type manikin and the ADAM),
partial correlation to humans, having represent the current technology in
limited biofidelity and biodynamic attempting to produce a biofidelic
response. The requirement to measure human analogue. The ADAM introduced a
and quantify the 3D response of the semi-flexible spine design, based on
manikin have imposed significant the conclusion that having an elastic
electronics and instrumentation spine in the vertical direction coupled
requirments, further complicating the to a buttock spring assembly, as
attempts to provided improved created by a skin buttock covering
biodynamic response characteristics to would provide adequate simulation of
the manikin. Consequently, the new the human spine to impulse loading in
generation of advanced manikins must the vertical direction. The ADAM
provide the biofidelity of its human flexible spine, consists of a linear
counterpart, while concurrently spring damper unit providing the upper
supporting the instrumentation and high torso damping, with pitch and roll
density, low cost electronics to motions of the upper torso with
measure and record the response respect to the pelvis provided by a
dynamics. lumbar articulation mechanism.

This publication details the design and The Hybrid III type manikin is a state
development of an enhanced manikin form of the art manikin, with human test
incorporating all instrumentation and data available for comparison. The
data acquisition capabilities to record Hybrid III has become the standard test
and reconstruct the six degree of article at various laboratories with
freedom response of the manikin. The promising results. The Hybrid III is a
manikin is designed to enhance flexible manikin capable of three
biofidelity and provided a three dimension response to an
dimensional biodynamic response, omnidirectional input, consequently
attempting to approximate that of the exhibiting realistic interaction with
human. These objectives resulted in restraint and seating systems under
the implementation of an test. Work performed by Frisch [1,2]
omnidirectional response flexible spine details the instrumentation and data
and pelvis assembly. acquisition capabilities incorporated

into the Hybrid III along withIntroduction: functional and structural tests used to
Historical Manikin Development: confirm manikin performance. As

reported by Frisch [3], the Hybrid IIIThe earliest recorded testing involving 5% female, instrumented with an Aydin
an anthropometric dummy was conducted Vector MMP900 PCM system was
by Start and Roth (1944) of Dornier successsfully ejected at 725 KEAS at
Worke in the development and testing of the Naval Weapons Center, further
an ejection seat for the D0335 demonstrating the Hybrid III
aircraft. The dummy was a simple capabilities.
wooden form used primarily for
ballasting the seat with representative
body weights. The GARD-CG dummies,
historically employed for escape system

-h
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The Hybrid III evolution can be tracked
from the development of the Hybrid I by
GMC. Its history, objectives and " L
attributes closely parallel the
advances attempting to attain a high
degree of repeatablity and improved
response. The Hybrid III head consists
of an aluminum shell covered by a vinyl ",
skin. The neck exhibits one piece
biomechanical bending and dampling
response in flexion and extension. The
thorax consists of six ribs connected
to a welded steel rigid steel spine.
The spine provides for attachment of .0
the neck, clavicles an the lumbar
spine. The lumbar spine is a curved -
polyacrylate elastometer with molded
end plates for mounting. A detailed 0

description of the Hybrid III can be
found In Foster (1977) [4). 3

Manikin Response Requirments:

In order to accurately reconstruct te
three dimensional response of it human 30

counterpart the manikin must not only f°
support sufficient instrumentation, but 0°

must also maintain the flexiblity to •
.aimic specific movement at key anatomic ,Piif
locations. The review of acceleration
related injuries identifies the areas fgure# I
of most concern. The helicopter
acceleration related injuries reviewed
by Shanahan, as reported by Coltman
[5], indicated the distribution of A

spinal fractures were, primarily, in
the TIl to L4 region, with the highest
incidence occuring at LI. Naval
ejectior seat related inuie
(1969-1979), as reported by Guill (6)

region, with principal modes at T7 to
T8 and LI. Cervical injuries C

concentrated at C2, were also evident. V4.

A detailed review of spinal trauma and
injuries from clinical and operational
statistics as summarized by Karzarian
(7], are illustrated in figure #1. As
indicated the injuries are distributed
throughout the neck, thorax and lumbar
regions of the spine, requiring an
improved analogue simulation than
provided by the rubber lumbar and
rigid thorax of the Hybrid III. low,

figure # 2
Consider the spine and midsagittal
plane excursions illustrated in figure based on subjects seated in a typical
#2, as presented In the ADAM RFP (8). mid-size automobile as reported by
The spinal contour under normal Department of Transportation (DOT) [9],
cnnditions maintains a "So type of while figure #4, illustrates a upright
contour (a), the flexion and extension seated posture as extracted from a
are illustrate as (b) & (c) typical anatomy textbook. Clearly, the
respectively. One objective becomes response of these configurations will
the simulation of this type of vary considerably under acceleration.
response, while providing the Based on these results a design
mechanical integrity, repeatability parameter of the mechanical spine is to
(calibration) and compatibility with provide the capability to adjust the
the existing manikin structure. contour or intial position of the spine
Analysis of spinal contour as function to conform with the seating position.
of seated position indicated a broad Review of the spinal response to Gz
spectrum of possible contours, based acceleration as modelled by Beltyschko
type of seat and general upright or & Privitzer (10], indicates that
slumpped positioning. Figure #3 spinal response is not only compressive
Illustrates the contour of the spine in nature, but also represents changes
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in contour as function of load. To
-• accurately simulate spinal dynamics the

mechanical analogue must also account
for this type of response
characteristic. The final parameter to
be incorporated into the spine design

" requirment was axial rotation. The
axial rotation of the human spine as

, iK ~detailed by DOT data (11], indicates a
approximate +/- 60 degree axial
"response distributed along the lenght
of the spine. In order to measure the
spinal dynamics the instrumentation
necessary to monitor the forces and

I moments at the specific anatomic
locations must be an integral part of
the spine design.

"The Enhanced Biodynamic Manikin:

"f ,The enhanced manikin as designed and
developed by Applied Physics is shown

, in figure # 5. The manikin,., 1anthropometry is based on the 50 %"aviator population as defined in the US

/ ,Triservice Specification [12], and
incorporates all sensors and data

',. acquisition electronics as an integral
part of the manikin. The manikin
incorporates a flexible spine to
provide a three dimensional response

S ' (flexion, extension, bending,
, 1 compression and axial rotation). The

I spine mates with an anatomically
representative pelvis, accurately

/locating the H-point, L5 location and
i the Illiac crest height, contour and

position. The pelvis provides the
structural housing incorporating all
the signal conditioning and data

figure # 3 acquisition and storage electronics.

'4. ....

aMc

300

o # 3i r #

figure # 4 figure # 5.



Flexible Spine: __1..

The detailed design of the flexiblespin isillustrated in figure #6.

distinct regions, the head/neck, the C---,
thorax and the lumbar spine. As shown
the spine incorporates compressive and
bending components in all three regions
attempting to provide improved
biodynamic response. In addition the
spine incorporates multiple adjustment
points enabling the inital contour of
the spine to be altered. The head/neck
assembly provides an adjustment mount
similar to that of the original Hybrid -
III unit, where the head position can L2ADCEL
be prepositioned. The L5 adjustment L
bracket provides for the the intial ----
positioning of the of the low lumbar
spine, as necessary to conform to
specific seating systems. Throughout H)
the spine the unit implements an
arrangement of exchangeable wedges to
alter the overall spinal contour or "S-
shape of the spine. The use of these
wedges ensures a constant initial
positioning of the spine based on the
wedge compliment utilized.

The head and neck assembly is based on
what is referred to as the ADAM head
and neck (Hybrid II head coupled with a
Hybrid III neck). The head and neck -i
attachment point corresponding to the
occipital condyles (OC) location is-r
instrumented with a six axis load cell, (L
enabling the measure of the force and
moments at this representive anatomic
loaction. The base of the neck -1
integrates with adjustment mount,
enabling the initial position of the __

head to be adjusted over a +/- 7 degree
range. Similarily, the base of neck,
via the adjustment mount is
instrumented with a six axis load cell.
The thoracic region consists of a -. /
shoulder mounting assembly (enabling \I
the use of the existing Hybrid III ""
arms) integrating with an axial
rotation mechanism and four modular
mechanical vertebra. A secondary axial
rotation mechanism is provided at the
base of the Lhuracic vertibra. Each of. e
the mechanisms provide a +/- 30 degree
rotation capability, resulting in the
+/- 60- degree rotation over the length
of the spine. The thoracic vertebra (I
Inch heights) provide the compression
and bending features of the thoracic
region. The thorax incorporates two
adjustable cables through the vertebra
to the top wedge where adjustments can
be made to alter the response over this
region. The lumbar region mounts to
the thorax via a six axis Denton load figure #6
cell at the approximate LlIT12
loaction. The lumbar spine consists of
two modular vertebra (2 inch heights)
and interface& to the LS adjustment
bracket. The bracket mounts to a six
axis load cell interfacing to the
pelvis at LS, measuring the pelvic
loads. The lumbar region also utilizes .0--.
two calibration cables enabling the _ . .
adjustment of the lumbar region .
response characteristic.
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Electronics /Instrumentation:

The abilitiy to mechanically
approximate or simulate the dynamic
response of a human requires sufficient .
onboard electronics to measure, record, -
quantify and reconstruct the six degree
of freedom response of the manikin.
Only through detailed comparison of ,.

response data to known human data bases . ...
can the mechanical response be .
validated.

As before the injuries as reported by
Coltman (5] and Guill (6], become the
driving function for the determination
of sensor and instrumentation
requirements. Monitored manikin
response at key anatomic locations
correlating to high injury probablity ..
must be obtained in sufficient degrees
of freedom to make effective analysis
possible. The typical instrumentation
requirment is illustrated in figure #7
. Both linear and angular acceleration figure #
components must be available to fully
define the dynamic response of any
rigid anatomical segment, such as the
head, TI and pelvis. Additionally,
since compression, flexion, extension, ca-,. I Need,. ^eal
rotational forces and moments are cAc,,o.l e ..- I.,. ICo-e1 Lecc.dmt, dt -,.
utilized to gain insight into injury C. ... d i..d.,q.. A -o.r

mechanisms. Inclusion of such measures
at critical locations is considered a .ead. 0n4,1ar ^ce* Provide cogulo,.-c.I

basic instrumentation requirment. The C Cead, loungr AxceFl connenceon onlyth n 5 C.-C. icen dlon; I Acis IT,) iLocm..,s nhtct oid

basic instrumentation options, sensors Chan.lI 6 c-c, re-- along X Axs. Ir.) of c,-c, 1ýit

and tradeoffs have been documented by Ch.... 1 7 C-c, mo sout Ax.i (K.)

Frisch [13]. Table I I details the .co. 'i.•,.tu z Axis (",mc,-c, F,,,. along I Al,I {F} ELo'd -ll ",,te-ur

sensor configuration implemented within c,-c, mon..io"Ut Asia IN) only
the manikin along with the expansion to Men-.I e c,-. Lie. Acei .long X (ALJ I ',...d

be added at a later date. a....e o c-,. ,:.T . Ace.i .alce I "A,. c..eo

Chcocot II c- . .1-9. al 2 K.$.i

hanlfel 13 C,-Tiv-, about V Ar T column ec,,told

Data Acquisition and Storage System ChMe- 114 -C.T, bl- hout X AK e l

(DA SS) : C,-~. -T he- a Its I A It. M 1- d c "l l
C,-T, M1 ook Iln Ax&is K•) olys el•.ltr

P.T.rovide sc=any for

Study of the manikin anatomic geometry . ... ayetrit(d-ch'* lead .111)
and spacial distribution, indicated two a.anal IS .tnU. A dl••,....ce.t (@.J

main volumes useable for the required Ch*" tt.eh-.t pItt e
electronics envelopes, the chest Zlo,. It star,,,, 110. A-ce. Lec.,03 1 . I, tn.ept

cavity and the pelvis. An earlier ii t . A. lth t--
011 nneI 19 1,:Gloe. so••IK ,

Applied Physics system (Navy Contract =-..., 1,-S. ,oce. aIS.y L .. ,,
Ch 1 2 t-5. "..~ b..tg I :-.I Lcate- ... ,oldN62269-C-84-0207) [1], a 96 channel Ch...i 20 la.-, c.°. h a In cal . lt. ea col1 c1..- ridalcaddl C1 to-S, do,. macou C 8ala lN.i

data acquisition and storage system, I,-,, ..... loag (T.l L, al loC....ooS

was retrofit into a 50th percentile ,r. .ce i only
Hybrid III chest cavity. The L-.,-C.,.A.C. Lt...cci doc.trop , Iio 00Y1

electronics though functionally, .. ace...,.

successful introduced limitations to
- in:, 1 " fl:c ceie. tTS. g fortrothe biodynamic response of the Hybrid Lt .... rl..... lo.. . for eatd

III. Chest deformation was reduced to

almost zero, manikin weight -,..i.n.ctdr. 12,o0o rad/cse'

distribution and CG were alterd due to To,,d/iccd ocia.-

the inclusion of electronics and large .mr srt-pim oree.a.."•i° C.0.oos -do.•

NiCad battery assembly. The subsequent hip....teol a.-, ,,ooo 2o..C.

Air Force *ADAM" development (14],
Introduced a flexible spine SFUý,W a¶t3UMF.NTATM

(mid-sagittal response) with an
on-board 128 channel data acquisition table # I
system. As in the Hybrid III the chest
mounted electronics limited chest
deformation, however, the manikin
provided improved CG location and
weight distribution.



The current strategy focussed on
redistributing the electronics within
the manikin, thereby not limiting the
biodynamic response capabilitites. The
implementation of the flexible spine
and the resultant 3D response envelope
precludes the introduction of any
electronics into the chest cavity, with
the exception of transducers.

The pelvis located at approximately the
center of gravity of the human body,
typically provides a large useable mass
and volume within the manikin.However, to achieve an optimized =

interaction of the manikin with
ejection or crashworthy seating systems
or other safety equipment, the pelvis figure # S.
geometry, weight, and volume must be
representative of the target population
of interest.

Based on the work of Frisch [15,16],
where a comparative study of human and
manikin pelvis geometry, contour, and ADAM
weight distribution was performed, it Head/Neck
was demonstrated that sufficient Flexible Spine
electronics could be housed within the
pelvis volume, while still maintaining
a realistic anatomic representatiion. / r
Based on the pelvis parameters as
detailed within the Triservice
Specification [12], an anatomic
representative pelvis was designed to
house the enhanced manikin integrated
data acquisition and storage system, as DASS
illustrated in figure #8. The pelvis
super-structure is based on a welded
steel box, housing all the modules and
integrating with an aluminun casting of
the pelvic contour and socket. The Anatomic
cast contour provides the anatomic Pelvis
accuracy locating the key point of the
pelvis relative to each other (L5
position, socket location H-point and
Illac crest contour and height) The figure #9
design provides for the constant box

electronics structure, coupled with
casting designed to match specific
population and percentile groups. The DASS Architecture:
system (DASS) as housed within the
manikin is illustrated in figure #9, The overall system architecture is
consisting of a 40 channel analog
subsystem, and high speed processor illustrated in figure #10, as
subsystem providing real time data consisting of a analog subsystem,
acquisition and data storage, and a processor subsystem, battery assembly
femur mounted battery assembly. The and a PC laptop user interface. The
system is supported by a user interface processor component provides the CPU,
impl ented via a dedicated IBM laptop data storage, analog electronics
computer to define and setup system control logic and communications
function, channel configuration electronics, used to interact with the
(gain,filter cutoff, etc), extract IBM based user interface. The analog
data, perform calibration, and to subsystem provides 96 channels of
process and review manikin aesponse. analog signal conditioning and AID

conversion electronics digitizing the
analog measured dynamic response
parameters. The battery assembly
provides all the necessary power to the
DASS, and supporting transducers. The
user interface consists of an IBM 386
DX laptop computer or compatible,
enabling user control and interface to
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the manikin based DASS system. The SINGLE CHANNEL OF G UAD SIGNAL CONDITIONING .V11I6.

laptop operates a NWindowsN type SPECIFICATION$:
interleaved software package enabling PROGHAMMEN GAN , TO ¶00FILTER CUTOFF MAX 20 LEH

the user to easily interact with the FILTER NOLLOFF 42 dN/OCTAVE
DASSsoftare.SAMPLING FREOUENCY -- MAX IOKHHDPROCESSORT NIGH-DENSITY NIGH PERFORMANCE
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Anemalog n ubsystem TOs . TFv (SIGNAL CONITIONINGI

The analog subsystem provides upto 40 SfiCureAIO1
channels of analog signal conditioning g G 12

partitioned into 20 channel modules asillustrated in figure #11. The basic
component of analog subsystem is the resistance is biased out by use of the
dual channel s ybrid circuit developed +/- sense inputs on the amplifier. A
by Applied Physics. A block diagram of secondary gain stage has been
a single channel of a dual path hybrid introduced to increase the life cycle
is illustrated in figure #12. As shown of the hybrid circuit design. Through
the hybrid consists of a switching the use of a board mounted resistor a
network (AD7502) to enable the hybrid secondary gain can be introduced in the

to except both transducer signals or analog signal conditioning path
simulated substitute voltages, handling sensors not currently or
Additionally, this network provides the commonly utilized. This enables a gain
capability of switching in an RCAL other than one of the discretes to be
realsM or used to offset the used. The amplifier network is
piezoresistive bridge type of connected to a low pass anti-alaising
tranducers verifying sensor operation filter providing a -45 db/octave roll
and calibration. The sensor outputs off. The filter network is oased on
are input into an Analog Devices AD625 the switched capacitor technology (SCF)
precision instrumentation amplifier allowing the variation of filter
coupled with a multiplexer / resisitor cutoff, by varying a reference
network enabling the CPU to program frequency generated by a programmable
eight (8) discrete gains interval timer within the prcessor
(1,2,4,,10,20,25,50,100). This new subsystem. The filter output
Analog Devices amplifier elliminates
gain errors introducrd by the
multiplexer "ORN" resistance. This



interfaces with a secondary filter (generation of sampling and filter
stage and a sample and hold circuit reference frequencies), priority
time sychronizing all the 96 channels. interrupt generators, and upto 4 Mbytes
The common problem associated with SCF of dynamic RAM. one of the major
is the realization of the reference problems with storing the data into CPU
frequency on the signal or filter RAM memory, is that data offload is
output. The secondary filter is dependent on battery and processor
configured to elliminate or filter out subsystem survival. In order tc,
this undesireable noise. A secondary resolve this dependence the system
problem of SCF is the introduction of incorporates the use of the
voltage offsets on the order of 20mv. non-volatile solid state credit card
The sample and hold (S/H) is coupled memory subsystem as the main data
with a potentiometer providing a means storage media. The processor subsystem
of elliminating the offset. The use of integrates via the STD bus to a solid
the substitute voltage throught the state disk drive capable of real time
calibration path enables the offset to storage of the dynamic data on the
additionally be removed post experiment credit card memory devices. These
by software methods. Each of the devices statisfy the new industry
twenty channel modules interconnect via memory standards and are currently
a shared analog backplane, where common produced in 2 Mbyte versions with 64
signals are accessed and interface with Mbytes versions to be available in the
the timing an control module and near future. This will enable a
prcesc 'i"bbysLom. Within the con tinous upgrade of memony E*orege
subsystem a single timing and control capability without modification to the
module, as illustrated in figure #13 current system design. The system no
multiplexes the 40 signal conditioned longer relies on data download to the
channels and provides a dual AID path, supporting laptop computer, which
where the AID output is directly typically required significant time,
interfaced into the CPU data bus. This dependence on system battery life and
module generates the timing and processor integrity. The credit card
reference signals utilized by the memory device can be removed from the
signal conditioning modules and manikin following an experiment and
provides the interface to the simply plugged into a corresponding
processor subsystem. solid state disk drive on the IBM

laptop. As a backup procedure, data
is stored in parallel on the CPU RAM

ItMINI;. (4NIIU)I & (I4N•fRiI) '...• and is available for of download to the
laptop via standard RS 232 methods.

Battery Assembly:

The battery assembly consists of
multiple battery packs necessary to

" •provide the voltages and power, to
..... ,operate the DASS, and supporting

transducers. The battery subsystem
consists of rechargeable batteries
distributed on the femur of the
manikin. The battery voltages are^1 I Sr- regulated to provide the precise

SI!IIRvoltages required. Additiionally, the
voltages are controlled by the
processor subsystem via a series of

.... I. .relays and blocking diodes, enabling
the processor to power manage the
system maximizing battery life while
minimizing battery requirements.

*"I ... :'"R DASS Operating Software:

The DASS operating software is a
combined NCO and assembly language
application operating under the DOS

figure # 13 operating software. This software is
embedded on ERPROM within the manikin
processor CPU module. The DASS

Processor Subsystem: software consists of multiple
subroutines accessed from a main system

The processor subsystem provides the monitor / cmmunication interface
actual data acquisition, data storage software package. This system monitor
and RS232 communications. The communicates with the laptop exchanging
processor subsystem is based on an STD
bus version of the IBM AT system
operating at 16 MHz. The processor
supports onboard RS232 capability,
programmable interface timers



command codes defining the operations 3: Frisch, GL, Kinker, LE,."
to be performed as specified by the Measurement Techniques , Evaluation
user. The software enables the user Criteria and Injury Probability
to define the DASS sensor Assessment Methodologies Developed for
configuration, gain, sampling Navy Ejection and Crashworthy Seat
frequency, and filter cutoff. Evaluations, Conference Proceedings No
Additionally, the software provides 471, Neck Injury in Advanced Military
multiple types of calibration (RCAL & Aircraft Environments, NATO AGARD, 1989
Voltage Substitution), diagonostics,
and data offload (backup). The primary 4: Foster JK, Kortge JO, Wolanain MJ
function provides real time data : Hybrid III- A Biomechanically BAsed
acquisition and data storage. System Crash Test Dummy. Proceedings of the
data is stored on the non-volatile 21st STAPP Car Crash Conference. 1977
credit card memory removeable from "he
DASS system and directly transferable 5: Coltman JW, Van Ingen C. Selker F:
to an equivalent solid state disk on Crash Resist Crewseat Limit -- Load
the IBM laptop for processingas Optimization Through Dynamic Testing
detailed previously, with Cadavers. USAAVSCOM Report

TR-85-D-ll, Fort Eustic VA 1986
Laptop Computer Support Station (User

Interface) 6: Guill FC: Aircrew Automated Escape

Systems (AAES)Data Analysis Program
The laptop computer is based on an IBM symposium. Volume 1-4, Naval AIr
portabl' PC or 7--patible which Systems Command, Symposium held at
provides the user interface and Naval Safety Center, 1981
functions as the DASS controller. The
PC is based on a 386-DX processor 7: Kazarian, LE, Standardization and
operating an DOS 3.3 operating system. Interpretation of Spinal Injury

The system application is written in Criteria and Human Impact Acceleration
"C" and provides a user friendly Tolerance, Chapter 10, Aircraft

interface the DASS. The PC software Crashworthiness, Edted Saczalski,
communicates with the DASS processor University Press, 1975
via dedicated RS232 port (secondary
backup port also available). A series 8: ADAM RFP F33615-85-R-0535, 1985

of command codes are exchanged between
the processors speicfying user 9: Anthropometry of Motor vehicle

commands, system acknowledgements and Occupants, US Department of

execution of the specified operations. Transportation, DOT HS 806 715 April
The user interacts with a windows type 1985
of display interface where each
selected option sends specifc command 10: Privitizer, E., Belytschko,T.
codes to the DASS commanding the "Impedance of a Three Dimensional Head
software to execute specific spine Model", Int'l J. Mathematical
operations. The user has the Modeling, V.I., No. 2 pp 189-209, 1980
capability to configure and define the
DASS uniquely for each experiment,(ie. ii: Advanced Anthropomorphic Test
sensor / channel definition, program Device (AATD) Development Program,
specific channel gains, specify Phase I Report, UMTRI-85-8, 1985
sampling frequency, filter cutoff andacquisition time). 12: Anthropommetry and Mass

Distribution for Human Analogues,

The work was pezformed under Army Volume I: Military Male Aviator 1988
contract DAMDI7-90-C-0116, for the US 13: Frisch G.D., D'Aulerio LA:
Army Aeromedical Research Laboratory. Instrumentation requirments for
The authors would like to recognize the Assesing occutpnt Response to Three
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1. SUMMARY These improvements will provide increased confidence
Two programs demonstrating the feasibility of improving in neck loading tests, especially with additional head-
the dynamic response of ejection system test manikins mounted equipment, during ejections and survivable
have been completed for the U.S. Air Force (References aircraft crashes. The use of composites in segment
I and 2). The first program developed a manikin neck construction will allow more realistic limb motions and
that has greater biofidelity during vertical impact impact energy absorption by the flesh material.
conditions than currently available manikin necks. The
second program developed manikin arms and legs with 2. INTRODUCTION
proper mass and mass moments of inertia to improve Manikins have traditionally been used in the military to
dynamic response. Both programs were conducted to test ejection seats and the effectiveness of various crash
support the development of the U.S. Air Force's protection designs. Emphasis in system testing has been
Advanced Dynamic Anthropomorphic Manikin on the operational effectiveness of the system to perform
(ADAM). according to its design objectives. Primary concerns

have been with inertial load effects on ejection seat
The improved manikin neck specification was based on acceleration and stability, and harness and fixed seat
the properties and dynamic response characteristics of effectiveness in restraining occupants during survivable
human necks. A neck mimicking these dynamic crashes. Assessment of human injury potential has been
response characteristics was designed to interface with based on external body measurements and observations
the ADAM and the Hybrid III and to withstand the such as ejection seat acceleration (Reference 3), body
severe environmental conditions imposed by ejections. interference with aircraft components or personal
The basic design approach incorporated a separate neck equipment, or failures in restraint, seat, or other
beam to control head translations, and head/torso straps protection systems.
to control head rotations. These neck components
simulate the bone and muscle components in the human More recently, with refinements in manikin design and
neck. The neck was fabricated and dynamically tested to advances in instrumentation capability, the trend has
demonstrate satisfactory strength and human-like been toward the measurement of internal manikin
motions. responses and the use of these in making relative system

safety assessments. The automotive industry has fully
Manikin limb segments were developed to achieve adopted this approach for frontal crash safety compliance
desired mass properties while maintaining the strength testing in which Part 572 and Hybrid M dummies are
needed to withstand severe ejection forces. The used. A similar approach is currently being sought for
Articulated Total Body (ATB) model program was used side impact safety compliance testing with three
to predict joint design loads, and a fimite element candidate manikins having been developed; the SID, the
modeling program was used to analyze structural EUROSID, and the BIOSID. Internal measurements are
strength. Composite materials were used to fabricate the made in these dummies and results are compared, either
bone components; a unique polymer was used to directly or after having been used in specific algorithms,
fabricate the flesh. This combination improved the to determine injury likelihood.
inertial property distribution by an average 30 percent
over the current all-metallic ADAM limbs. A set of The Air Force has developed the Advanced Dynamic
limbs was fabricated and statically tested. Anthropomorphic Manikin (ADAM) (Reference 4) to

test advanced ejection systems with vectored rocket

3A
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thrust capabilities. The ADAM design accentuated initially involved defining the desired neck response
human-like dynamic response to provide proper human characteristics to vertical impact loads. The existing
body reactive loading into the ejection seat. This V.-ybrid III neck response characteristics were also
requirement led to an ADAM design that includes highly examined to determine if the Hybrid III neck could be
articulated joints with position sensing, a dynamic z-axis modified to produce desired response characteristics to
torso response, over 50 internal sensor channels, a self- vertical impact loads. After concluding that the Hybrid
contained data acquisition system, and durability to III neck could not be modified to respond correctly to
withstand ejections into a 600 Knot Equivalent Air Speed vertical loading, several neck design concepts were
(KEAS) windstream. While a number of novel features generated. A Neck Concept Demonstrator was fabricated
were developed for the manikin, the substructure was a and tested to determine if the design concepts were valid.
conventional steel design with foam-filled flesh Modifications to the Neck Concept Demonstrator were
coverings. This design met the specifications for made until the desired response was nearly achieved. A
segment and whole-body masses, but individual segment prototype neck was then designed to interface existing
moment of inertias could not be matched well to human manikins and instrumentation. This prototype was
data became of the concentrated metal mass at the center fabricated and tested. The results of the prototype testing
of the segments and the necessity for a low-density flesh and Neck Concept Demonstrator tests were combined
covering to provide proper segment mass. The ADAM and used to develop the final neck design.
also used a Hybrid Il dummy neck with a modified Part
572 dummy head. 4.1 Design Method

The neck design method was determined by conducting
While the ADAM represents substantial improvement in three tasks. First, the desired neck response
ejection testing manikins, the use of a neck designed for characteristics were defined. Second, the Hybrid HI
frontal impact safety assessment and limbs with poor manikin neck design and response characteristics were
mass distribution and energy absorption properties led to examined to determine if the Hybrid III neck could be
two parallel efforts to improve these designs. The two modified for vertical impact loading. Finally, neck
efforts consisted of the development of a neck with design concepts were generated.
proper z-axis (vertical) response as well as consistent
x-axis (fore-aft) and y (lateral) responses; and the Derine Desired Neck Response Characteristics. Both
development of limb segments made with composite the kinematic and kinetic response characteristics of the
material substructures and a flesh covering with human neck system were defined. Kinematic response
human-like energy absorption properties. characteristics are defined as the translations and

rotations of the head/neck system with respect to time.
3. DISCUSSION Kinetic response characteristics are the forces and
Two separate feasibility assessment programs were moments in the head/neck system. The latter
conducted to improve manikin biofidelity (References 1 characteristics were calculated from the kinematic
and 2). The first program pertained to the development response characteristics using known head and neck mass
of a biofidelic manikin neck (patent pending). Until this properties. If the manikin head has humanlike mass
program, the human neck response characteristics to properties (i.e., total mass, proper center-of-gravity
vertical impact loads had not been completely evaluated, location, and mass moments of inertia), it follows that a
The objective of the Manikin Neck Development neck system producing proper kinema,;c response
program was to design a neck with the capability to characteristics will also have the proper kinetic response
respond biofidelically to vertical loads as well as to characteristics. Therefore, the kinematic response
forward and lateral loads. The second manikin characteristics were used to define the manikin neck
improvement program pertained to the manikin arms and design criteria.
legs which, until recently, were designed with a heavy
metal core encased by flexible, foam-filled molds. The A large data base of human response testing, available
core is substantially heavier than bone and the mold is from the Naval Biodynamics Laboratory (NBDL), was
considerably lighter than flesh. This construction results used to determine response criteria. The data base
in mass distributions that differ from those of human included human test results for impacts in the forward
segments, a structural rigidity that is much greater than (-x), oblique (-x+y), lateral (+y), and vertical (+z)
that for bones, and an inability to absorb the desired directions.
amount of impact energy. The objective of the Manikin
Limb Development program was to design arms and legs In the past, several researchers have reduced the NBDL
to have a mass distribution closely representing the mass test data tL define kinematic and kinetic response
distribution in human limbs. requirements. However, sources could not be found

which had reduced the test data for vertical impact
4. MANIKIN NECK DEVELOPMENT directions. Vertical impacts were of particular interest to
The method that was used to determine the feasibility of this development program since the intent was to develop
developing a manikin neck for ejection seat testing a neck for ejection seat testing manikins.

I RrirIII I I W "Arelp-ti - In-- I IiIt f-, w IiIIrDAIUTII
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The +z impact data included a total of 27 tests for four response for forward imp-ictr For all practical purposes,
volunteers with nominal peak input accelerations from 5 the response for the two impact directions was the same.
to 12 G. Data reduction indicated that the kinematic and This conclusion indicated that a passive neck system
kinetic responses were somewhat sporadic. It was could be designed to provide proper response to both
postulated that the variation in response was caused by vertical and forward impacts.
active muscle action. Active muscle action could not be
practically duplicated with a passive manikin neck. Examine Existing Manikin Design and Response
Thus, the kinetic response for each test was evaluated. Characteristics. Having defined the desired neck
Tests with a 'high' active response level were eliminated, response directly from vertical impact load data of the
leaving a total of II tests. These II tests included all human neck, the Hybrid MI neck design and response
four volunteers with input accelerations from 7 to 12 G. characteristics were examined to determine if it could be

modified to provide the desired response. The Hybrid III
The head angle and neck angle response corridors for the neck is depicted in Figure 2. The Hybrid III neck
11 selected tests are shown in Figure 1. The corridors consists of an elastomeric neck beam with the base
are based on the calculated mean for all 11 tests, plus or mounted at the approximate anatomical location of TI.
minus one standard deviation. The head angle is defined The top of the neck pivots at the O.C. location and
as the change in global head mngle. The neck angle is snubbers are placed between the top of the neck and base
defined as the change in angle of a line between the first of the head.
thoracic vertebra (TI) at the base of the neck and the
head pivot point (occipital condyles) at the top of the
neck.

60 OCC-ITA
W / \ CONDYLE

Z 40- -JOIN /T

o -20.
0 0 . .40
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TIME (SEC) SNUBBER
a. HEAD ANGLE CORRIDOR (2 PL)

80 NECKo l BEAM

"o 6&7z'" I/ "S

-- uJ 40!- 1//•I-
W 4i

z z 2 /

-2 .4 3 '.

TIME (SEC)
b. NECK ANGLE CORRIDOR

Figure 2.

Figure 1. Hybrid III neck.
Recommended head angle and neck angle response

corridor for 7- to 12-G vertical impacts, Research on the Hybrid HI neck indicated that it was
passive neck system. designed to provide the proper head rotation and moment

at the O.C. for forward and aft impacts.
The average kinetic response at the occipital condyles
(O.C.) was also calculated for the 11 selected tests. The Figures 3 and 4 compare the head trajectories of the
moment was presented as a function of the change in Hybrid III and a typical human in response to 15-0
head angle, and the forces as a function of time. The forward and 12-G vertical impacts (Reference 5). For
kinetic response for vertical impacts was compared to the forward imparts, the maximum head angle is
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HYBRID III HYBRID III

HUMAN HUMAN

Figure 3. Figure 4.
Comparison of head trajectories for 15-G, forward Comparison of head trajectories for 12-G, vertical

impacts, NBDL Run Nos. LX5002 and impacts, NBDL Run Nos. LX4742
LX3983 (Reference 5). and LX4651 (Reference 5).

approximately the same for the Hybrid III and the 102 degrees (peak neck angle for a 15-G forward impact,
human. However, the head forward and downward Reference 6). The desired head angle for a 15-G forward
translation, or the neck angle, is much less for the Hybrid impact is 78 degrees, significantly less than the observed
III than for the human. For vertical impacts, tVe head angle of 126 degrees in Figure 5.
deficiencies of the Hybrid III are even more pronounced.
The results of these tests indicate that the Hybrid III neck Examination of the Hybrid I11 neck indicated that the
beam is too stiff. head angle will always be greater than the angle of the

top of the neck. Thus the Hybrid ill neck cannot be
If the basic Hybrid II neck design was modified to modified to provide the proper response, and a new neck
produce the proper neck angles (head tanslation), then design was developed.
the head angles would be too high. This phenonmenon is
illustrated in Figure 5 which shows a representation of Ideatfy Blofidelic Neck Design Criteria. The well-
the approximate head angle with the neck angle at defined response of the human neck system was used to

establish the design criteria for a biofidelic neck. The
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126 CHANGE
HEAD ANGLE

Figure 5.
Representation of peak head angle for a manikin neck based on

the Hybrid III design adjusted for proper neck angle.

human kinetic response characteristics led to the 4.2 Neck Concept Demonstrator Fabrication
observation that A neck system was fabricated to evaluate the developed

concept. The fabricated head and neck assembly is
A direct relationship exists between the moment shown in Figure 6. The neck was designed specifically
exerted on the head at the occipital condyles and to be easily fabricated and modified. The neck beam was
the relative change in !iead/torso angle, with the fabricated from a stack of elastomeric 'washers' with an
moment resisting forward head rotation. inner cable linking the base to the top. These washers

could be easily substituted with washers of a different
The neck structure exhibits ordinary elastic diameter or material to modify the bending properties.
properties, with the moment generated at the The head-to-torso straps were fabricated from a
base of the neck directly proportional to the continuous length of elastomeric material.
change in neck/torso angle.

Resistance to neck beam motion was provided through
Several passive neck design concepts were generated in compression of the neck beam washers. Resistance to
an attempt to produce these characteristics. In general, head rotation was provided through extension of the
the concepts consisted of a neck beam that could be sized head/torso straps causing a moment on the head. This
for proper neck angles, or head trajectories, and an moment is relatively independent of the head/neck angle.
independent method of controlling the moments exerted
on the head. The most promising design consisted of an The test head was fabricated from mild steel plate and
inner neck beam with a pivot point at the O.C., similar to the ballast weights were sized to give a final
the Hybrid IU1 design. Instead of snubbers between the instrumented head weight of 11.0 lb. The head c.g. was
top of the neck beam and base of the head, straps were located 0.9 in. forward and 2.2 in. above the head pivot
attached between the base of the head and the base of the point. The measured moment of inertia of the head about
neck. This design concept allowed the neck beam and the y-axis (pitch axis) was 110.3 lb/in.2. The ballast
the head-to-torso straps to be somewhat independently weights could easily be moved to study the effects of
sized to provide proper head rotations and translations. change in c.g. location.
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4.3 Neck Concept Demonstrator Testing
SThe neck system was tested for vertical as well as

-forward impacts. The testing showed that the response to
vertical impacts was strongly dependent on the initial
head/neck position and the c.g. location. However, the
response to forward impacts was not strongly dependent
on these variables. This condition explained the sporadic
response of the human testing results for vertical
impacts, and the more consistent response observed for
forward impacts. The testing also showed that the neck
beam and head/torso straps could be altered to change the
neck and/or head angles.

Since the response to forward impacts was more
consistent, and the human data base for forward impacts
was larger, the forward impact testing results were used
to size the neck beam and the head/torso straps. The
response to vertical impacts was adjusted by shifting the
center of gravity and/or changing the initial head/neck
position.

The head and neck angle response of the final concept
demonstrator design is shown in Figure 7. The
calculated moment at the O.C., relative to change in head
angle, is shown in Figure 8. Both results were very close
to the desired nominals specified in Reference 6.

Figure 6.
Neck concept demonstrator (patent pending). The neck system fulfilled the objectives by validating the

proposed design concept. The overall dynamic response
The neck assembly was auached to a test base which of the neck system was very good, with both the
allowed for clearance between the head and test frame kinematic and kinetic responses comparing favorably
during maximum movement. The test base provided an with human test results.
initial neck angle of seven degrees pitched forward. The
top of the neck beam tapered to allow proper clearance
under high head/neck angles.
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Figure 7.
Head and neck angle response, concept demonstrator design, 15-G forward impact.
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Figure 8.
Calculated moment at the occipital condyles relative to change in
head angle, concept demonstrator design, 15-G forward impact.

4.4 Prototype Neck Design * A torsion release joint was added at the top of
The concept demonstrator was designed for proper the neck beam to provide the desired torsional
flexion response to forward and vertical impacts; stiffness (for lateral impacts).
however, it was not designed specifically to interface
with existing manikins. Therefore, a prototype neck was 4.5 Prototype Fabrication and Testing
designed to interface with existing manikins as well as The prototype neck system was fabricated and then
existing instrumentation, such as the head/neck load cell. subjected to a series of tests, including forward, vertical,
The prototype neck was also designed to provide and lateral impacts. The neck was modified throughout
omnidirectional response. testing to improve performance. The prototype neck is

shown in Figure 9.
Modifications were made to the concept demonstrator
design to produce the prototype neck design The kinematic response of the initial neck design for a
characteristics. The modifications include the following: 12-G vertical impact is shown in Figure 10. The

response was within the desired limits. However, the
"The stack of neck beam washers was replaced head angle was near the maximum limits and the neck
with a solid elastomeric beam. The center cable angles were shifted toward the lower limits.
was maintained to ensure ruggedness.

The kinematic response for the same neck tested at a
"The head-to-torso straps were replaced with a 12-G forward impact iN shown in Figure 11. The peak
cylinder between the neck base and the load cell head angle was 100 degrees, which is higher than the
interface plate. desired nominal of 78 degrees. The peak neck angle was

92 degrees, near the desired nominal of 89 degrees for a
12-G forward impact.
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The test results to this point indicated that the neck inner
beam stiffness was accurate, but the neck outer cylinder b) Neck angle response
was not stiff enough to achieve the desired response.

Figure 10.
Prior to stiffening the neck outer cylinder, a series of Head and neck angle responses for the prototype
lateral teS was conducted. The lateral tests showed that design compared to suggested response

the neck structure was too weak. Thus, lateral stiffeners corridor, 12-G vertical impact.

were added to the neck outer cylinder and tested until the the top of the cylinder also naturally roaed forward,
correct lateral stiffness was identified. behaving as a hollow beam structure.

Finally, the neck was retested for forward and vertical 4.6 Results
impacts. Surprisingly, the peak head angle increased and 4o6 inlts and test data were gathered at thisEnough informatio ndtsdaawrgteedt
the peak neck angle decreased. It was expected thatpon tod sg ane k y t mtoc bi e he etneck uter ~ ~ ve point to design a neck system to combine the best
adding sdffeners to the neck outer cylinder would have characteristics of the concept demonstator and thedecreased the peak head angle. Further altempts to refine prototype. The final neck design consists of an inner
the neck response did not produce the desired response core which functions like the neck beam from the
for both lateral and forward impacts. previously described designs. The inner core provides

the desired higher lateral stiffness without adding to theFurtl analysis and testing indsae that the neck outer forward stiffness. Instead of stand-offs between the neck
cylinder could not produce the samne response provded core and head-to-torso straps, elastic hinges are integrally
by the head-to-torso straps of the concept demonstrator molded with the neck system. The aft head-to-torso strap
design. The cylinder was behaving more like a beam is larger in cross section than the forward strap to provide
than independent straps. As the neck deflected forward, the proper response for flexion as well as extension.



1 7•9

90.0 ,
---- HEAD ANGLE '

-__ NECK ANGLE'

9 70.0
ILl
._J

0
C 50.0 %

0 %Z 30.0-

10.0-

I 0.0

0'.00. 1 0.2 0.3 0.4

TIME (SEC)

Figure 11.
Head and neck angle responses, prototype test no. 9,

12-G forward impact.

The final neck design has not been fabricated or tested to 5.1 Design Method
date. However, all testing and computer modeling The design method theoretically established component
results indicate that this final design should produce the configuration, material construction, and composite
desired results. layup to achieve desired mass distribution and strength

properties of each limb component. This method
4.7 Conclusions consisted of several tasks. First, design goals were
This program demonstrated the feasibility of developing established by identifying the inertial properties of
a biofidelic manikin neck: a neck that will respond as a human limbs and evaluating the design of the ADAM.
human's would when subjected to both vertical and Second, the joint design loads were predicted using the
horizontal impacts, as well as to lateral impacts. In Articulated Total Body (ATB) model program by
particular, the program demonstrated that a passive neck subjecting the occupant model to severe dynamic loading
can be designed to produce biofidelic response. conditions. Third, a computer-aided design (CAD)

program was used to ob.in the desired inertial properties
The program concluded that a biofidelic manikin neck for each component. Finally, a stress analysis was
design should have the provisions that allow head conducted to evaluate the strength of the designed limb
translations and rotations to be independently controlled. components when subjected to the design loads predicted
The neck designs of currently produced manikins do not by the ATB model. Critical composite limb components
have these provisions. Primarily, a biofidelic manikin were fabricated and tested to verify component strength.
neck should be designed with a neck beam sized for
proper head translations and head-to-torso straps sized The flowchart in Figure 12 illustrates the sequence that
for proper head rotations. was used to design the skeletal limbs. A separate task

was established to design the flesh component.
5. MANIKIN LIMB DEVELOPMENT
This development effort determined the feasibility of Select Design Parameters. The design parameters that
using composite materials to optimize the mass moment were identified include mass properties of the 3rd-
of inertia properties in manikin upper and lower arm and percentile male limbs, geometry of Jie existing ADAM
leg segments while maintaining the strength required for limb components, and human flesh characteristics.
ejection seat testing into a 600 KEAS windblast. The
small ADAM was used to achieve this feasibility study. The weight and inertial properties of the 3rd-percentile
The program consisted of designing, fabricating, and (small) male were identified for each manikin limb
testing the limb skeletal structure as well as designing segment. Inertial and geometric properties were obtained
and fabricating an upper leg flesh component. from a Tri-Services Report (Reference 7) and were used

to specify the segment mass and mass moments of inertia

A
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Design process.

Table 1.
Segment mass properties design requirements

lxx Iv Izz Weight Y.-

Component (fnr-ie-meiki (iclude: din.-llsi c2) (in.fnbtseC2) (lb)

Upper leg .941 .993 .256 17.1
Lower leg .357 .362 .042 6.8 /1

Upper am .074 .077 .015 3.4
Lower arm .053 .054 .00)8 2.5

z

for the upper and lower arms and legs. Table I lists the with a 0.65-rb mass dropped from a height of 24 in.).
design weight for 3rd-apr.en2ile male limbs. The desired Materials demons4rating these characteristics were
mass moments of inertia about the x, y, and z axes for identified. Material availability and processing ease
each limb are also listed in Table 1. were also considered during the final selection process.

The geometry of each ADAM limb component was also Deterniti Design Loads. The Air oR=e ATB modeling
determined. The components of the ADAM arms and program was used to predict the manildn design loads. A
legs wre shown in Figure 13. An extensive literature 3rd-percentile male occupant was modeled and
search and some in-house testing were conducted ID positioned in an ACES HI ejection seat model. This seat/
identify the characteristis of human flesh. Desired flesh occupant system was subjected to I I different loading
properties defined for the manikin include: density cases typical for an ejection. These loading cases were
(0.034 ibrm.3), hordnesn (Shore A Duroaneter 13.1), and repzresented by half-sine pulses and include: forward sled
dynamic impact load (approx. 125 lb when impacted pulse (+Gx, 45 G max at 120 mse), aftward sled pulse
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The occupant motion and the loads at each limb joint
were calculated and evaluated. An example of the
occupant motion during a constant 600 KEAS windblast
force is shown by a series of illustrations in Figure 14.

Figure 15 presents the torques about each axis in the
shoulder and elbow joints during the same loading
condition (600 KEAS windblast). The worst-case load
combinations (forces and torques) for each joint were
identified by examining all the loading conditions.
These worst-case loads occurred during the windblast-
"alone loading condition, and the lateral condition without
the armrests. These loads were used as the design loads
for the corresponding manikin limb components
(Table 2).

[I •'v • Develop Segment Design. ANVIL 5000, a CAD
2_ - software package, was used to design the manikin

C[j OMPOSITE MATERIALS components. This software package was used to iterate
1 M E T A LLIC M A TE RIA L S between component configuration and material selection

L to achieve the desired mass properties for each complete
segment. Each complete segment consisted of the

Figure 13 skeletal and flesh components combined to achieve the

ADAM arm and leg components. correct inertial properties. First, the existing ADAM
limb configurations were input to the CAD and used as

(-Gx, 45 G max at 120 msec), side impact pulse with and the design baseline. These baseline configurations were

without seat armrests (+Gy/-Gy, 45 G max at 120 msec), then modified and combined with selected material
upward and downward ejection pulse (+Gz/-Gz, 45 G at properties to achieve the desired weights and mass

120 msec), windblast alone (600 KEAS constant), and moments of inertia for the segments. The process was an

combined windblast with upward and downward ejection iterative one as segment geometries were modified
pulses (+Gz/-Gz, 45 G max at 120 msec and 600 KEAS and/or materials were changed to achieve the desired

constant). properties.

Time = 0 msec Time = 40 msec Time = 80 msec Time = 120 msec

Time = 160 msec Time = 200 msec Time = 240 msec Time = 280 msec

Figure 14.

Example ATB occupant motions, 600 KEAS windblast.

-I
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The stress distribution of complete limb segments (i.e.,
upper arm segment, lower arm segment, etc.) was

-12 analyzed along with stress concentrations at clevis pin
joint holes and joint stops. When the analysis indicated
that a component did not exhibit the desired strength

-20 - , , properties, modifications to the component were

0 60 120 180 240 300 conducted either by rearranging the ply orientation or by
modifying the configuration or material selection. The
modified CAD component was then again directly

Time (msec) transferred to the NISA program and the stress
distribution was redetermined and analyzed. This

Figure 15. process was repeated where necessary until all of the
Example ATB right upper arm joints torque components withstood the desired design loads, and

time-histories: 600 KEAS windblast. exhibited the desired weight and inertial properties.

Conduct Stres Amls•ls. The NISA U1 Finite Element 5.2 Skeletal Limb Fabrication
Model was used to conduct a stress analysis on each limb All the composite components were fabricated using a
segment (Figure 16). The completed designs of each unique layup design of graphite/epoxy plies for each
segment, as defined by the CAD, were directly component. Each tubular bone component was
transferred to the NISA program. The design loads fabricated by wrapping graphite prepreg tape around a
predicted by the ATB Model program were applied to the tubular mandrel that was appropriately sized for each
appropiate segments. The fabric layup sequence for particular limb. Fiberglass/epoxy corrosion barriers were
each of the composite components was determined at this laminated to metallic-interfacing surfaces. The ends of
stage. This step played a critical role in developing a bone segments that required additional strength were
design that met all of the strength requirements of the tapered with graphite hoop wraps. Where two graphite
component. components are designed to rotate about each other, a
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Table 2.
Design loads

Dynamic*
Load

Segment Case No. Fx(Ib) FY(lb) Fz(1b) M,(in.-lb) My(in.-lb) M,(in.-lb)

Upper Leg 3 180 -500 -200 15,000 2,000 1,500
Lower Leg 5 -1,480 50 -2,780 -1,300 -19,500 0
Upper Arm 5 -1,280 580 -140 500 140 -1,720
Lower Arm 5 180 140 -40 -1,580 3,000 0

* 3 - Lateral without amtrests
5 - Windblast alone

Teflon®-impregnated fiberglass layer was laminated to to the current ADAM upper leg since the same mold was
the bone surface. used. The inner configuration of the flesh component

was modified to fit the composite upper leg skeleton.
The composite shoulder, knee, and ankle clevises were

fabricated on aluminum male mandrels. Wrapping tape 5.4 Testing
around a male mandrel is ideal for fabricating intricate Static testing was conducted to evaluate the strength of
components such as these clevises because the tape can the manikin skeletal components. The upper leg, lower
be aligned without causing any discontinuities in the leg, upper arm, and lower arm segments were each
-einforcing tape fibers. An inner foam core structure was individually tested. Static loads were applied to the
incorporated into the shoulder clevis fabrication process joints of each segment representing the three components
to maintain the desired mass of forces and moments that developed at the joint during

the limb's severest dynamic loading conditions as
properties in the clevis as well as to withstand the high calculated by the ATB program.
stresses imposed on the clevis. Fiberglass/epoxy
corrosion barriers were also laminated onto the 5.S Results
appropriate surfaces of these clevises. The results of this program are summarized in Table 3,

Table 4, and Figure 19. Table 3 fists the components for
Shrink tubing was used in most cases to remove surface each limb segment and the material that was selected for
wrinkles caused by the vacuum bagging process. All each segment to achieve the desired mass properties.
composite layups were consolidated and cured in an Figure 19 compares the inertial properties of the lower
autoclave with heat and pressure. leg segment designed in this program with the existing

ADAM limb segments and the 3rd-percentile male
The hip, upper leg knee, and elbow clevises were all design goal. The results illustrate that the mass
machined from appropriate metals. These clevises and properties of the modified segments much more closely
the composite components were assembled into two represent those of the 3rd-percentile human than do the
complete limbs: the arm and the leg (Figures 17 and 18). ADAM segments.

5.3 Flesh Component Fabrication This outcome demonstrates the potential for the ADAM,
A dense, two-part polymer that solidifies at room adapted with the modified segments, to respond with
temperature into a pliable, yet durable, material was more human-like kinematics when subjected to dynamic
selected for the upper leg flesh component. Hook-and- load conditions. Table 4 lists the actual skeletal segment
pile fastening tape was used to secure the opening slit in weights combined with the calculated flesh cover design
the flesh componenL Additionally, the abutting surfaces weights. These weights are compared with the 3rd-
of the slit were contoured to provide a self-locking joint, percentile male total segment design goal weights.
A scrim material was embedded in the flesh component
near the surface to provide additional durability and tear 5.6 Conclusions
resistance to the surface. The final configuration of the This program has demonstrated the technical feasibility
upper leg flesh component has an outer contour identical of using composite structural components in advanced

manikins. The program results have shown that human-
like, total segment inertial properties can be achieved;

•3"o~ a r sd trademark ol E. I. Ou Pont de Nemnours & sufficient durability to withstand violent testing
Co., Inc,

.2
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Figure 17. a
Arm assembly prototype.

Figure 18.
Leg assembly prototype.

Table 3.
Material selection

Segment Upper Clevis Insert Tube Lower Clevis Stops

Upper Leg Titanium Aluminum Graphite/Epoxy Stainless Steel Aluminum
Lower Leg Graphite/Epoxy Aluminum Graphite/Epoxy Graphite/Epoxy Aluminum
Upper Arm Graphite/Epoxy Aluminum Graphite/Epoxy Aluminum Aluminum
Lower Arm Titanium Aluminum Graphite/Epoxy Aluminum Aluminum

Table 4.
Segment weight comparison

Design
Actual Calculated Weight Goal
Weight Weight (CAD) (3rd-Percendle Male)

Segment (lb) (lb) Ob)

ARM
Upper Skeletal 1.34 1.22
Lower Skeletal 0.80 0.80
Joint Hardware 0.22 0.22
Upper Flesh Cover 2.07* 2.07
Lower Flesh Cover 1.64" 1.64

Total Ann Weight 6.07 5.95 5.90

LEG
Upper Skeletal 7.77 8.07
Lower Skeletal 1.85 1.54
Joint Hardware 0.26 0.26
Batteries 1.59" 1.59
Upper Flesh Cover 7.02 7.09
Lower Flesh Cover 5.26* 5.26

Total Leg 23.75 23.81 23.90

*Cakmalmd ua•i =too w-sided esip (CAD),

.. .... ....
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Figure 19.
Lower leg mass properties comparison.

conditions can be met; surface molds that possess flesh- manikin measurements for injury likelihood assessments
like energy-absorbing properties can be used; and that in aerospace environments.
mechanical designs allowing proper joint articulation and
resistive properties, as well as measurement of joint The next steps in this process are to implement the neck
motions, are viable, design, perform validation tests on the neck, and develop

response-injury correlations. With respect to composite
Composite materials were used to redesign the ADAM limb development, full manikin impact testing should be
limb segments, achieving mass properties that are more performed to establish a degree of improvement due to
representative of the human while maintaining the more human-like segment mass distribution. This testing
strength required for the manikin to survive the ejection could be conducted on a single manikin equipped with
seat test environment. The mass in the segments was original limb segments on one side and composite limb
redistributed by reducing the weight of the skeletal segments on the other side. The flesh response should
i.omponents, and by increasing the weight of the flesh also be investigated by conducting impact tests on a
components. Graphite/epoxy unidirectional prepreg tape manikin equipped completely with composite limbs and
was the composite material used to fabricate the bone flesh. The energy absorption characteristics for this
segments and a dense polymer was used to represent the manikin would be measured and compared to that of the
human flesh, human and current manikins.
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absorb energy in a manner similar to that of human flesh. Kinematic Response, Final Report, TR-91091,
Both of these developments improve the biofidelity of Simula Inc., Phoenix, Arizona, Armstrong
manikins, can be applied to manikins other than Laboratory (AFS, WPAFB, Ohio, November 26,
ADAM, and bring closer the ability to use internal 1991.
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SUMMARY education and also vehicle handling and braking performance.
Secondary safety concerns the vehicle itself, its impact per-

Anthropomorphic crash test dummies have been used by the formance, its ability to absorb impact energy in an accident and
automotive industry for many years in order to develop safer road the performance of any occupant restraint system, the aim ofWthespertormanceeof anyeoccupantnrestraintosystemvthe aimdof
transport. Accident investigations have shown bow vehicle de- which is to reduce the risk and severity of traumatic injury to the
sign has improved, with the numberand severity of road casualty vehicle occupants. To some extent secondary safety can also
injuriesdecreasingdespite increased useofroad transport. Several relate to the design of the vehicle's exterior with respect to
different types of dummy of differing levels of sophistication am impacts against pedestrians. Crash test dummies are frequently,
used to approve vehicles to a number of different standards and although not exclusively, used to evaluate secondary safety
rn.ulations. Dummies are usedeitherto approve restraint systems features both inside and outside of the vehicle. They can be used
at the component level or in full vehicle impact tests. Various either to determine injury risk or simply to load a surface or
performance criteria must be met by anthropomorphic test restraintsystemuptoarealisticlevelinasemi-realisticway.Being
dummies, and these criteria are discussed with reference to the a human surrogate they have to exhibit several human-like
interests of the vehicle designer, the biomechanical engineer and characteristics and, depending upon usage, how well they simulate
the legislative authority. a human can vary.

The paper concentrates on the approach to dummy design used to
develop the new European Side Impact Dummy EUROSID-l.
The methodology used to develop certification techniques is
described as well as the dummy itself. Techniques to calibrate a
dummy in terms of predicting human injury risk are reviewed.
The techniques described are common to all automotive crash
test dummies and can be applied to the design and development
of anthropomorphic dummies to be used in other disciplines.

1. INTRODUCTION

Road transportation has and continues to be a major source of
human injury and as such is a drain on the resources of any
country. In the UK in 1951, when statistics became available, a
vehicle population of 4.7m units existed associated with 178,000
personal injury accidents. In 1990 the vehicle population had
risen to 24.7m motor vehicles and there were 258,000 personal
injury accidents.[ 1] Although the overall numberof accidents has
increased by over 40% over this period the number of vehicles
has increased by over 400%. Examining the data in more depth
shows that the number of pedestrians and motorcyclists killed.
the most vulnerable groups, have fallen by 30% and 40% respec-
tively but other forms of transport, mainly cars, has risen by over
200% These figures do not necessarily indicate that other transport
modes have become safer but that there has been a large move-
ment away from motorcycle and pedestrian transport. Examining
the proportion of accidents resulting in death and serious injury
shows that the proportion of car occupant causalities suffering
fatal injuries has fallen by 15% and those suffering serious injury
by 30%. The reduction in fatal and serious injury proportions is
attributable to a number of factors, one of which is the ise of
advanced crash test dummies to develop safety systems. In a
financial perspective thecost of road accidents in the UK in 1990
was estimated to be £6,70Om of which £5,300m was attributed to
personal injury accidents. Statistics clearly indicate that road Figure I European Side Impact Dumrr#y, EUROSID-1.
transport is costly, both in financial and human suffering terms.
Many improvements are still possible, to reduce further the cost
of human misery.121 This paper initially reviews tt "-e of crash test dummies within

Several different approaches are used to reduce both the number the automotive industry examining -v and when they are used.
of accidents and the severity of any personal injury. Vehicle The necessary attributes ,fanvtestdutsi , 'reexamined s well
safety is frequently divided into two areas called 'primary' or as the design process. The development oi the thorax of the
'secondary'safety. Primarysafety isconcerned with the prevention European Side Impact Dummy EUROSID-1, Figure 1, is re-
of an accident occurring whilst secondary safety is concerned viewed as anexample of this process. The imp-.tanceof dummy
with reducing injury risk once an accident has 'scurred. Primary certification to defined performance requirements (Section 3.4)
safety therefore deals with road design, junction layout driver anddummycalibration against humantolerancelevels (Section 4)
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is developed within the paper. The design and development of like shoulder and thoracic structure for quality evaluation of belt
crash test dummies is not unique to the automotive field and many restraint systems. A more human-like dummy the OPAT[7] was

of the procedures reviewed in the paper can equally be applied to developed in the UK. and is used by the TRL, to study the

the development of other anthropomorphic dummies, in other performance of 'belt' based restraint systems. OPAT has not
disciplines, become an 'int.ýrnationally recognised' dummy for legislative

testing. To be better able to evaluate belt based systems more

reliably in addition to airbag restraints, NHTSA in conjunction
2. AUTOMOTIVE CRASH TEST DUMMIES with the European Experimental Vehicle Committee (EEVC) is

currently developing a new advanced frontal dummy thorax
Crash test dummies perform two basic tasks in vehicle safety. called ATD50.[8]
The first is to load the vehicle or safety system dynamically and
requires afairly simpledummy, while thesecondistoindicatethe A very early dummy still in use at TRL as a 'make weight'

type and severity of any injury that a human might sustain in the dummy in general impacts, is a dummy developed by the Royal

impact, which requires a much more complex dummy. Not all Aircraft Establishment in the 1950s[9] for parachute harness

complex dummies, used to study injury risk, are able to be used testing. A modern version of this dummy is the Rescue Dummy

in the same impact situation. This is clearly seen in the frontal and developed for use by the emergency services in the UK.

side impact conditions. In a frontal impact, iii which the occupant For general quality assurance applications simple low cost dum-
is restrained, the mechanisms of injury are likely to be decelera- mies are used, in which no instumentation may be needed.

tion based, with occasional occupant to interior surface contact, Impact testing on crash test sleds is used to assess and improve the

whereas in a side impact the occupant on the struck side of the safety of'sub-systems' like seat belts. an example of which is the
vehicle will be directly struck by the intruding structure of the approval, within Europe. of adult seat belts to ECE Regulation

vehicle. With the different injury producing mechanisms and 16.[ 10] This test uses a less complex dummy than those used in

load paths in side impat ts it is essential to have a dummy capable full scale vehicle impact testing, as the dummy's main function
of correctly representiig a human in these different impact is to 'load' the restraint for 'strength' testing rather than to

environments and able to detect the potential injurymechauisms. evaluate injury mechanisms and injury risk. The TNOIO

r)ummies can be used to represent several different types ofroad dummyJy,[ 1] used in this regulatory test, is a very simple, one

user. Three attributes, size, directionality and complexity are legged dummy with little biofidelity and minimal instrumenta-

determined by each dummy's basic role. Not all testing with tion capability.

dummies is centred on full scale crash testing with whole vehi-

cles. In addition to being able to study vehicle and restraint

interaction effects it is important to be able to approve and study 2.1.2 Side Impact Dummie&
the performance of restraint systems in a simpler and less costly

way- Side impact loading conditions are very different from the frontal

ones. Three special side impact dummies are currently available
In general complex dummies are designed to be able to detect tostudysideimpactinjuryrisk.OnlytheDoT-SIDisspecifiedfor

loads likely to cause skeletal fractures, deceleration injury to use in a current legislative test procedure.[5] The DoT-SID

internal organs and, in some cases, laceration injury. They are dummy has the capability ofmeasuring injury risk in the thoracic

used in research and biomechanically based legislative test area only, whereas the other two dummies, BIOSID[12] and
procedures. Simple dummies are used to quality assure compo- EUROSID-i,[13] can assess injury risk in the head, thorax,
nents in legislative test procedures. abdomen and pelvic areas. An Advanced Notice of Proposed

Rule Making within the US indicates that the current side impact
Not all safety assessment tests are carried out using complete standard might be reviewed to allow the use of one or both of
dummies. Simpler, muc ilsscoplex tests. are performedwit these more advanced dummies.[ 141 Within Europe a new side
'impiictors' representingindividualhtun~anbodypants, toevaluate impact directive has been discussed, using the EUROSID-I

interior surfaces or components. One such impactor is a rigid imp y, dithas e en date of 1 he5.[15]

hemi-spherical impactor representing the head, evaluating inte- dummy, with an enactment date of 1995.1151

nor surfaces.[3] Another headform is used to approve crash

helmets in a simple drop test onto an anvl.[41 2.1.3 Pedestrian Dummies.

Pedestrian injury has fallen dramatically in theUKovertie years.

2.1 Adult Dummies. This is not necessarily a result of improved vehicle design but
more a result of changing travel patterns, transport systems, road

The most obvious use of crash test dummies is inside cars being design etc. To improve further the situation for pedestrians struck
crash tested, in 'legislation directed' impact testing. There am by cars, safety research is carried out on theexteriorofcars using
two types of whole vehicle legislative test, frontal impact[5] and special dummies. These are often modified'in vehicle' dummies,

side impact(6j using sophisticated dummies, the principal modifications being to the pelvis and to the legs

giving the lower limbs a higher degrcc of biofidelity and injury

measuring capability.[16] The pedestrian version of the OPAT
2.1.1 Frontal Impact Dummies. dummy is used byTRL. Its legs have been redesigned to measure

In frontal 'whole vehicle' testing two complex US dummies are both leg impact accelerations and leg bending forces. For legis-

frequently used, the Hybrid II and its development into Hybrid lative purposes component tests using impactorsarebeingdevel-

Ill. The Hybrid II dummy was initially developed to study the oped, based on the results of impacts using these dummies.

injury risk of unrestrained occupants and the safety of air bags. A simple pedestrian dummy for assessing the safety uf vehicles

The principal UK and European restraint system is the lap and was developed in Sweden and France, having only a single leg,
diagonal seat belt. Neither nf the US dummies has a good human-

'The Emergency Rescue Dummy' is a product manufactured by OGLE Design Ltd. Letchworth, Herts. UK.
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to inprove test repeatability in a possible legislative proce- vehicle occupants has been generated in the USA.[231 The
dure.[17] previous data base used was also based on the US population.4241

Adult dummies representing three size groups are defined. The
most frequently used crash test dummy is the 50th percentile2.114 Motorcycle dummies, adult male, representing 'Mr Average'. Two further dummies

As for pedestrians, motorcycle injury has fallen dramatically due representing the ends of the adult population are occasionally
to reduced numbers of motorcyclists and changed usage of used. One is a dummy representing the larger occupant, the 95th
motorcycles. Again improvements are possible and tests are now percentile adult male, and one for the smaller adult, the 5th
being carried out on motor cycles in order to reduce the high risk percentile adult female. The precise size of a dummy is a
of lower limb injuries to moto- -'clists. For this type of impact compromisebetweenseveraldifferentrequirements. Basedpurely
seated dummies with special load measuring legs are used to onacollectionofaveragesegmentlineardimensionsandsegment
study and develop leg protection systems and other advanced masses a dummy would not equate to the average human. This
protection systems such as motorcycle air bags.[18] problem is even more pronounced if the 5th and 95th percentile

is considered. In order to produce a given percentile dummy
One dummy modified for use in motorcycle testing has been principal dimensions are selected, and from these compromises
developed in Canada and is a derivative of the Hybrid III frontal are made to produce the overall dummy. For car occupants the
dummy.[ 191 Another motorcycle dummy is based on the OPAT stature is obtained by combining seated height and leg length,
dummyandhasbeenusedextensivelyintheUKatTRL.(18]-[20] other dimensions, such as shoulder width, .,hest circumference
The UK dummy legs are covered in an aluminium honeycomb etc, are selected to suit.
material, enabling post crash assessment of impact energy to be
made. Child dummies are defined by age and are intended to represent

the 50th percentile child for that age.

2.2 Child Dummies.
3.1.2 Biofldelity.

All the previous discussion has related to dummies based on the

adult population. Children change rapidly in shape, mass and Biofidelity is the degree to which a surrogate duplicates the
physical structure especially in the earlier years. Although con- properties of the living subject which it is intended to represent.
ventional adult restraints can protect children from excessive As far as automotive dummies are concerned, it usually applies
injury, special child restraints, designed for a particular size tothedynamicresponsetoimpactconditions.Atestdummymust
category, can improve the protection levels afforded to children, have an acceptable level of biofidelity in order to respond in an
Within Europe and the UK special child sized dummies are used impact in the same way as a living human would. The acceptable
to devclop and approve child safety devices.[21] [22] The main degree of biofidelity is dependent upon the ever .al use of the
European dummies are produced in the Netherlands and the UK dummy. A high level of biofidelity is necessary in order to study
and are based on five child sizes. The dummies represent the 50th injury risk. This is the most difficult of all the design attributes of
percentile mass child for an 'at birth' baby (called P0), a 9 month a crash test dummy for two main reasons. Firstly, the scarcity of
old child (P3/4), 3 year old (P3), 6 year old (P6) and 10 year old good, relevant biofidelity design data and secondly the assess-
(PlO).* Since the main role of the dummies is the 'approval' of ment of whether the measured biofidelity of the developed
child safety systems, they are fairly simple. The dummies were dummy is sufficient. Sincethe biofidelityofadummyis required
designed with appropriate dimensions and mass distributions to for injury risk assessment in an injury producing environment,
load child restraints dynamically, and also to detect potentially the design datamustalso be available for this sameenvironment.
injurious circums'tinces deriving from high chest acceleration Some limited human volunteer data are available at low energy
aix, abdominal loading resulting from submarining. There is sub-injury producing levels, but obviously not at high energy
basic irstrumentation in the abdomen and thorax but a high injury producing levels. Most highenergydata areobtained from
degree of biofidelity is not one of their prime features. cadaver testing, originating in the USA, Germany and France.

Cadaver tests can be split into two main types, full body impacts
and discrete body region impacts. The latter type of test cas, be

3 AUTOMOTIVE DUMMY DESIGN. further splitinto two types, discretetestsperformedonacomplete

3.1 Requirements. cadaver and those performed on dissected body parts.

A test dummy is designed to be a human surrogate in acrash test. The value of the cadaver data, for the purposes of defining the
As with many test devices the design and development is a performance of an automotive test dummy, is highly correlated
compromise between a number of conflicting requirements. The to the type of impact being performed and the parameters being
following paragraphs detail the principal design attributes of a assessed. Cadavers cannot exhibit many of the attributes of the
dummy. Depending upon eventual dummy usage the relative living body. Care must be taken in evaluating the biofidefity ofa
importance of each attribute will be different. dummy based purely on cadaveric responses. To some extent the

value of the cadaver data itself is dependent on .;ie condition of
the cadaver at the time of the impact test, whether fresh or

3.1.1 Anthropornetry. embalmed, -ad the condition of the donor at time of death - age,
nourishment and cause of death etc. Cadavers do not have any

One of the prime functions of a crash test dummy is that it should muscle tone nor any natural internal body pressure from circu-
have similar shape, mass distribution and joint articulations to latory systems, both of which can have a strong influence on
that of the human. Base anthropometric data is fairly easy to responses to impact. Cadaveric tests used to determine the
obtain except for segmental masses, segment moments of inertia kinematic performance of the neck will be of limited use since the
and segment centres of gravity. The most recent data on motor cadaver is not able to support its o%. .. neck pre-impact or control

* The European child dummies are distributed by TNO, Delft, Netherlands.
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its articulation and displacement during a" impact, whereas an 3.1.6 Sensitivity.
impact to the skull studying skeletal fracture thresholds would

have more relevance. Impacts to the thorax are less clearly It is important that the test dummy is sensitive to impact but

defined since the performance of the thorax is a combination of relatively insensitive to extraneous parameters like temperature
skeletal strength, pressure, muscle tone and visceral components, and humidity effects. Adummy's responsemustvary in areliable

the proportionate influence of each being difficult to determine, manner. Where an input varies in such a way that injury risk will

Test environment is also likely to have a strong influence on the change so must the dummy's output change. Conversely when

response of a cadaver. Gravitational effects can influence the evaluating the performance of a car it is not desirable that small

mass distribution and shape of the cadaver compared to a live differences sn impact location on the dummy, which would not
subject. substantially change the risk of injury in a human, should produce

large variations in dummy output.
Considering these many influences the cadaver data must be
critically reviewed and prinoritised.

3.1.7 Economy.

3.1.3 Repeatability. Crash testing can be viewed as a development overhead, thus itis desirable to minimise the cost of testing. Several of the

A test dummy, like any other item of test equipment, must give attributes already discussed bear on the cost of maintaining the
the same output when subjected to the same input. This dummy dummy in usable order. One of the other cost elements in crash
attribute is slightly at variaxce with respect to the response of a testing is the initial capital cost of the dummy itself. The cost
human in that the same human might respond differently due to element also covers the expenditure necessary on instrumenta-
muscle tone or respiratory condition to the same input. tion and data processing as well as the complexity and frequency

of dummy certifiation.
A vehicle impact test can have many possible variations, so

dummy repeatability is usually quantified in well controlled
"non-vehicle' impact tests. An assessmentof dummyrepeatability
can he gained by examining peakdummy responses from repeated 3.2 Instrumentation.
tests with the same dummy. Where a test has been repeated more The standard instrumentation and complexity of instnsmentation
than once the Coefficient of Variation(%). can he derived from in any dummy is a function of its ability to detect, and predict
the mean response value and the standard deviation. The greater accurately, injury risk.
the number of repeat tests the better is the quality of the estimate
of the Coefficient. It is generally considered that a Coefficient of Two approaches to dummy transducer design can be taken.
Variation of about 10% is acceptable for complex crash test Firstly acontinuouslymeasuringdevice, givingavaryingoutput
dummies, under well controlled test conditions, for a range of inputs. Secondly a go / no-go type of measuring

device eg. a switch[261 or a failing element like a frangible face
form.[271 Of the two design philosophies the former method is

3.1.4 Reproducibility. the most frequently adopted and accepted in the automotive
industry.

Reproducibility is very similar to repeatability but is the exten-
sion of repeatability to other identical dummies. Differentdummies Mostdummy heads are currently instrumented with three axes of
built to the same design must give the same results from a similar linear acceleration. However arrays of nine accelerometers are
impact. To assess reproducibility several samples of the same now being used to study not only linear acceleration but also
dummy should he tested at the same establishment in order to rotational acceleration of the head. Acceleration of the thorax and
eliminate any additional variation present hetween test establish- pelvis is commonly measured. Thoracic deformation is now
ments. To assure reproducibility dummies are subjected to a being recorded in side impact and frontal dummies. Forces are
range of certification tests. (See Section 3.4 ) measured in the abdomen and pelvis of the EUROSID-l dummy.Many new specialised transducers have beendeveloped to measure

shear and bending forces as well as tensile and compressive

3.1.5 Robustness. forces, for dummy parts such as the neck and lumbar. A new
instrumentation system is currently underdevelopment to study

Robustness is a deviation from the humancharactertstic. Whereas chest deformation and loading. The chest baual is a strain gauged
a human could be injured in an impact and become structurally belt[28] that is strapped around the thorax and can measure
'unsound', the dummy is usually required to remain structurally deformation profiles dynamically. A current version of the chest
intact. lIn order to improve vehicle design the dummy must be able band uses 42 data channels.
to record the extent of any overload rather than the knowledge The second typeof transducer, go/no-godevices, cannot address
that an overload had occurred in excess of the dummy's strength. the problem of'By how much did it fai?' Although switch type
Knowing the ampli tude ofoverload enables acounter-measure of devices can be readily calibrated, frangible devices cannot, since
known response to be developed. Dummy robustness is an 'failure' is their sense mechanism. Calibration of a frangible
important aspect in terms of vehicle development costs, device is a contentious issue. Frangible devices can only he

Robustness as definei above is not always required with in all certified by quality assured production methods and by sample
dummies, since dummies with frangible elements ae used for batch testing. Even so confidence in their performance is low
specific purposes. Frangibility has been suggested to invesLtate since there is always the doubt whether'a good sample' was used
the effect of breaking legs on the 'free flight trajectory' of a in the test. Retrospective testing of frangible elements that have
motorcycle dummy,[19J though frangible components have the not broken can take place but again uncertainty underlies retro-
disadvantage that they can give no indication of the extent of spective cettifwation since the sample could have been damaged
overload and the materiais used may also introduce an undesir- during the impact.
able variability.(251
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3.3 Dummy Design Methodology

The most important design feature in any dummy is the desired KI -" 11

level of biofidelity. Simple dummies used for quality assurance M

tasks are mainly design based, requiring little if any dynamic

performance attributes. Dummies requiring a high degree of [z Ib

biofidelity must be certified and designed on a performance

basis, as well as a design basis. .. esh
Chest

The design of any advanced crash test dummy is -nly based on
a two part specification. The dummy must first neet certain
dimensional criteria (mass, shape and joint articulation). Sec- Figure 2 Corputer model of EUROSID rib.
ondly the dummy must conform to certain kinematic criteria. The
first part of the specification is fairly easily met being based on
easily measured parameters. The achievement of adequate kin- procedures were incompatible, or that the lumped mass model

ematic biofidelity performance is a much more difficult problem, itself was over simplified. It was acknowledged that the thorax

even after basic performance data on the dynamic performance of was modelled as a collection lumped masses, whereas the human

a human have been obtained, thorax is mainly distributed mass around a low mass skeleton.
Hand in hand with the modesling exercise preliminary rib units

As has already been stated crash test dummies are used to study were manufactured and tested, the results being compared to the
high energy crash environments, in which human severe trau- computer model predictions and to the cadaver data. The final
matic injury ordeath is apossibility in a human. Sincelive subject mechanical design of the thorax was based on the cadaverdata 4et
testing is not possible data based on human cadavers is used, with that was considered to be closest to the car impact severity.
compensations being made to 'humanise' the cadaveric re-
sponses where necessary to make them more closely relate to the
performance of a live human being. In addition since not all
cadavers are of the same size and shape 'normalisation' of
cadaver responses is carried out to 'correct' the data to a mean
cadaver response. For a side impact dummy an ISO working
group developed a set of design targets.[291 The EEVC re-
examined theca. .'erdata and extended the ISO work toEdevelop
a wore closely defined set of design targets for a side impact -

dummy. The EEVC also rated the requirements with respect to
their appropriateness for defining the performance of a side
impact dummy used to represent occupants in a vehicle impact.
in terms of test repeatability, reproducibility and level of injury
severity.[301 a"npr I

Several different design methodologies exist to develop a crash
test dummy. One very poor design process is to design, build a Flesh
mechanical surrogate and then to develop it during a large
programme of ad hoc impact testing, until a reasonable match
exists between desired and actual performance. Although this is
a valid developmental method, little can be learnt about the full Figure 3 EUROSID-1 Rib Module

dynamic performance of the dummy, other than the information
gathered from whatever instrumentation may be used. A more
broadly based and better method is to commence development One of the cadaver data bases used was based on simple pendu-
with mathematical modelling of the human in the impact condi- lum impactor tests. This test was also performed on a single rib
tions in which the cadavers were tested and in which the dummy module, rigidly mounted, thus permitting simultaneous develop-
will eventually tested, the mathematical model being set up in the ment of the simulation model and of the rib. When the module
general form of how the final dummy might be built. This wasconsideredtobesufficiently welldevelopedafullthorax was
methodology allows the designer toobtain a better understanding built of identical modules and evaluated against all of the three
of not only the cadaver test but also the planned dummy's sets of impact tests, replicating the cadaver tests.
performance in terms of stress/stiffness levels and any potential
injury related indices. This latter design method was adopted by
TRL for the design of the thorax of EUROSID-1. Figure 2 and 3A4 Dummy Certifieation.
Figure 3 show the developed computer model of the EUROSID-
I rib module and the rib design developed by TRL. Dummy certification is an e.cment of both dummy repeatability

and reproducibility. In order that all dummies built to the same
A lumped mass computer model of a thorax was developed by design will exhibit the same dynamic performance each must be
Langdon,[31] utilising the ACSL simulation language. Using checked against a defined common standard, on a regular basis.
this model sensitivity checks were made to determine the role of Certification, sometimes loosely called calibration, is the process
each of the individual elements of the thorax. The model was of checking, and component tuning, against a specified standard
exercised against the three available cadaverdata bases, impactor, for that particular dummy. Automotive dummy certification is
sled and free fal drop tests, inmorethan twohundred simulations. based on procedures at either full dummy or component level.

During the computer modelling period it was found that no single Certification procedures need not necessarily be based on ca-

data set for the model could be used to match all of the three daver test procedures but should be based on a test at a level of

cadaver data bases. The conclusion was that either the thre test severity similar to that in which the dummy will eventually be

used. Automotive dummies are certified in pendulum, impactor



and free fall drop tests as well as in quasi-static test procedures, loading mechanism as well as the expected injury. If a body part
All three techniques are used in the certification procedures is to be directly impacted, possibly with a concentrated force, it
defined for the EUROSID-1 dummy.[32J is inappropriate to measure only global acceleration as this could

not adequately monitor the severity of the localised impact The
localised impact might cause a puncture injury, skeletal fracture

4 DUMMY CALIBRATION AGAINST INJURY or soft tissue injury. Body part accelerations might be expected
CRITERIA. to correlate better with internal organ damage rather than surface

injury or fracture.

The calibration of a dummy is the derivation of the relationship i

between the transducer outputs and the risk of real hun-an injury If a single injury criterion is adopted for a body part, the as-
in an impact of similar severity. This relationship does not sumption is made that all potential injury to that body area is
necessarily have to be a simple single parameter relationship but solely related to that one parameter. In reality injury can be
can be a complex combination of several measured parameters caused by multiple factors. Failure of all biological material is
e.g. displacement and velocity. Once a relationship has been known tobeloadratedependent.Thusonecouldsustainminimal
established between thiscriteriaa'levelof acceptable injuryrisk' injury under slow crush conditions but sustain massive injury
must be established, in order to create pass / fail levels for use in under high velocity crush conditions, for the same level of peak
standards or regulations. It is also valuable for research purposes crush. Bone is a visco-elastic material[341 [35] and its properties
so that changes or improvements can be quantified in terms of are affected by the rate of deformation. A number of studies have
reduction in injury risk. demonstrated the relationship between injury and a viscous

injury criteria[36] [37] while Langdon[38] suggests from a
theoretical study of the thorax that a viscous based criterion

4.1 Calibration Philosophies. correlates with shear strain in the soft tissues of the thorax.

Actual dummy calibration can be achieved by a number of A simplistic approach to tolerance levels assumes that below

methods. One method is based on discrete cadaver impact testing, some threshold level injury never occurs and that above this level
similar to that used to develop performance data for the dummy injury will always occur. This is very far from the truth. Injury
design. In this method direct comparisons are made between the severity and injury risk can vary due to several factors, including
cadaveric injury and dummy output. This approach is a valid one age, mass and sex and the physical condition of the occupant. The
for initial calibration estimates, and the derivation of appropriate true relationship between impact severity and injury risk is of the
criteria. It has the disadvantage in that the calibration is based on form of a sigmoid curve as shown with associated confidence
a cadaver, which is not always a good representation of a living limits in Figure 4. For an increasing severity of impact the risk of

human, injury increases, but not as a linear function.

A second calibration methoc compares dummy transducer data
against real world accidents n which live occupants may or may
not have been injured. Tw techniques are used to make this
comparison. The first is bai.-d on the reconstruction of selected
accidents with a dummy re •senting the injured occupant in the
accident. Much informatiL.- can be learnt about the selected
accident bu, whether the secected accident and injured/ininiured
occupant is a good represe," itive of the population at risk is an
unknown factor. This can b a very costly and resource corsum-
ing approach to dummy calb.ration.

A potentially more accuratu method is based upon a statistical
approach to the analysis of arge sample of actual accidents with
subsequent comparative impact testing. This approach is the
most difficult of the two 'iv, -subject' techniques as it relies upon
having a large in-depth a.. dent data base of adequate quality.
Detail is needed on acciden, circumstances, vehicle damage and
the injured and uninjureu ,ccupants. The way in which the
accident data may be sampi Ad can have a major influence upon
the outcome of the calibra' n. Consequently it is important to
sample accidents on an acci' 2mt severity (input) basis rather than
on injury (outcome) basis. or this calibration technique to be
useful, data are required not only on injured occupants but also
uninjured ocr,"pants in acci&-!nts of a similar severity. Data are
also required on uninjured occupants in low severity accidents in
order to regress fully across the injury and impact seventy s a is
spectumn. This technique is possibly the best calibration method
as it attempts to minimise the selectivity of the former approach.
This statistical approach has been successfully used to calibrate _,,

a UK frontal impact dummy OPAT.[33]

4.2 Tolerance Criteria. Figure 4 Probability of injury as a function of inpact

The selectic.a of tolerance criteria is a function of the expected sevrity.
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Obtaining this type of relationship from accident and dummy 6 CONCLUSIONS.
data uses a dose-response analytical technique called Probit
analysis.[39] An alternative similarmethod uses the Logit trans- l.The design and level of dummy complexity is dependent upon

formation. The quality of this predicted relationship is shown in eventual use.

the confidence limits. Vehicle legislators must decide, when 2.Both simple and complex dummies have valuable roles to play
setting threshold limits, what is an acceptable level of injury in research and legislation aimed at reducing injury risk to all
severity and injury risk and on this assessment a pass/fail level vehicle occupants involved in high energy, injury producing
can be set, situations.

Threshold limits are set to reduce the threat to life and the 3.Theapproach todummydesipnisnotexclusive tothe automotive
occurrence of serious injury. The emphasis in the automotive industry and the use of automotive based dummies in alternative
industry is to reduce both fatal and serious injury as classified by transport systems could show a benefit to humans in these other
the Abbreviated Injury Scale.[40] i.e. injuries 2AlS3. risk environments.
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ABSTRACT

This paper reviews recent experience with a new test overall injury potential of the crash. For this reason, the
dummy intended principally for use in motorcycle crash motion of the motorcyclist ATD must be as unimpeded as
testing. Modifications to the Hybrid III to better service this possible and it must be able to respond to a wider variety
particular environment also makes the device potentially of possible injuries. Such a motorcyclist ATD has potential
suitable in aircraft occupant crash protection assessment. for injury monitoring in the aerospace crash environment

as well. A modified version of the Hybrid III is already
This new ATD contains a 16-channel on-board data used for this type of testing [1]. The attributes r )quired of
acquisition system, lower extremities that are capable of a motorcycle ATD make it more suitable than me Hybrid
monitoring for leg and knee injuries, a more flexible lumbar III for both ejection seat testing and for studying the
spine, a penetration monitoring abdomen, a deformable causation of injuries to aircraft occupants in crashes. For
thorax with improved motion sensing capability and a neck example, statistics for U.S. army aircraft [2] indicate that
with improved flexion and extension bending response. the four most common areas of the body to suffer fatal

and major injuries in crashes are the head (20%), lower
The femur and tibial complex are constructed of frangible extremities (11%), vertebra (16%), and thorax (13%). In
elements whose biomechanical responses are based on all these body areas, the motorcyclist ATD described here
available cadaver data. The knee is designed with fusible has these injury sensing capabilities.
links that fail at load levels commensurate with that of
human knee ligaments. In 1989, St-Laurent et al. [3], described the design and

basic features of the first motorcyclist anthropometric test
The test device has been used in full-scale crash tests as device, the MATD1. This ATD was based on a pedestrian
well as limited laboratory validation tests. This paper style Hybrid III modified to be more suitable for motorcycle
illustrates the potential of this injury monitoring device for testing. The modifications were in three areas, to improve
aerospace applications as well as identifying areas of the injury sensing potential, ;o improve biofidelity and to
future work. include an onboard data acquisition system.

The most significant injury monitoring modification was to
INTRODUCTION the lower extremities of the dummy. The standard steel

femur and tibias of the Hybrid III were replaced with
Crash testing similar to that used for road vehicles is frangible units whose strength and stiffness characteristics
becoming increasingly important in the improvement of the mimicked that of the human. In addition, the knee
crash-worthiness of aircraft. A car crash test occurs in a complex was redesigned to allow simulation of ligament
relatively controlled environment with little dummy motion rupture at the appropriate biomechanical levels. The
occurring. The needs of this type of testing have led to MATD1 also had additional modifications to the head and
the development of anthropometric test devices (ATD's) neck region to allow helmet fitting and hands which were
specifically designed for this environment in terms of able to grip the motorcycle handle bars. It was fitted with
impact response. As an example. the standard car crash an on-board data acquisition system which filled the chest
dummy, the Hybrid III has three areas that can claim to cavity of the dummy.
human-like impact response; the head, the chest and the
knees, and these have all been designed for impacts from The MATD1 has been used in a crash test series [4].
the front. Based on this experience, a further series of refinements

to the ATD have been developed and this new version,
This paper describes the modifications required to give a known as the MATD2 is described herein. Changes to the
Hybrid III adequate levels of impact response and injury on-board data acquisition system have allowed the thorax
sensing capability for the motorcycle test environment, to retain the biofidelity of the Hybrid III thorax. This has
The crash environment of the motorcyclist and the aircraft been combined with more comprehensive chest
occupant is very different from that of a car occupant. deformation sensing capability. An injury monitoring
These crash environments are relatively unr 3nstrained and abdomen has been added, along with a lumbar spine of
of long duration in comparison to a car crash. A series of greater biofidelity. Finally, a modified neck with improved
individual impacts may be of significance in assessing the kinematic" in frontal impacts has been developed.

... .. ....
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MATD DESIGN REFINEMENTS In addition to static tests, the composite tibia has been
subjected to impacts at the mid-span with a 76 mm

Lower Extremities diameter cylindrical anvil. These tests were meant to
approximate the methods used by Fuller et al [6] in their

The purpose of the modifications to the Hybrid III lower dynamic tests of cadaver legs. Figure 4 compares the
limbs was two fold. Firstly, the frangible units provide a fracture response of the surrogate leg bone with the
direct means to assess various significant lower extremity cadaver responses. The -irrogate legbone lies within the
injuries. The design is such that the frangible elements force/time envelope of 9 cadavers and is somewhat
monitor for fractures at all points on their length and stronger than 6 of the 9 cadavers. The time to fracture
circumference, while the knee design provides direct (less than 1 msec) verifies that the surrogate leg bone has
evidence of the knee injury failure mechanisms. Secondly, an appropriate level of brittleness.
it provides a more appropriate load path, and hence
subsequent kinematics, in those cases when the crash Leg Weights
would indeed be expected to produce a fracture or
dislocation of a lower extremity. The surrogate leg components were designed to have

inertial properties very similar to those of a standard
For the initial tests, 6 axis load cells were attached at the Hybrid III dummy. For example, the leg mass, including all
upper femurs and multi axis strain gauges were installed components which articulate about the hip ball joint are,
in the lower femurs and upper and lower tibias. These for the Hybrid III; 14.8 kg, for the MATD; 15.1 kg.
were used to verify the loads up to potential fracture and
to allow analysis of time-dependence and cause-effect
relationships. Lumbar Spine

Knee Joint The curved lumbar spine of a standard Hybrid III is
designed to ensure a stable seated posture for a vehicle

The frangible knee assembly attaches directly to the base occupant. This curved spine does not allow enough
of the clevis of the existing Hybrid III knee, but it does not flexibility of dummy posture for a motorcyclist ATD. A new
interfere with the knee in terms of flexion and extension. straight spine was developed with improved static flexion-
The design includes two brass pins which act as structural extension bending response. A comparison with available
fuses, shearing when the load, in either torsion or varus- volunteer bending response data for this new spine is
valgus rotation, exceeds the established tolerance levels, included in Figure 5 [7]. The new spine has been
Appropriate response prior to failure is achieved by way of designed to be used with a six axis lumbar spine load
plastically deformable springs. Test results for the knee transducer.
unit, in comparison to nadaver characteristics reported by
St. Laurent et al. [3] are reported in Figures 1 and 2. The Abdominal Insert
surrogate knee response curves end at the points where
their respective shear pins failed. As can be seen, the The soft vinyl abdominal insert of the Hybrid Mll has been
strength and stiffnesses are reasonably human-like for replaced by a crushable foam insert based on that
both forms of motion. The post-failure resistance to developed by Rouhana et al. [8], but with some significant
rotation is near zero for both modes. changes. The original General Motors developed insert

was designed to monitor for seat belt loading to the
Leg Bones abdomen. The insert for the MATD2 moritors for more

generalized penetration into the abdominal region. This
Both the tibia and femur were constructed of composite combined with the smaller volume available in this ATD,
materials. In essence, they are tubular in shape, wound because of the changes to the lumbar spine, required a
with helical and axial glass fibres imbedded in a resin solid foam insert.
matrix. Bulkheads are used to prevent premature local
tubular failure. Table 1 provides the results of a series of The smaller front-to-back depth of the insert reduced the
static tests in comparison with the design specifications. ability of the insert to show deep abdominal penetration.

The injury criterion used by Rouhana et al. was based
Figure 3 compares the tibial force deformation solely on deformation of the abdomen and penetration
characteristics of the surrogate bone to data compiled by equivalent to serious injury caused the MATD2 insert to
Yamada for simply supported static bending [5]. bottom out. The force deflection corridors obtained by

Table 1: Design Verification, Static Tests

Component Test Mean Range N Critera Difference
__ __ __ "n) (Nm) (N)

Femur Static Bending 288.5 +/-2.7 3 282.8 2

Static Torsion 178.2 +/- 5.6 5 165.7 7

Tibia Static Bending 241.4 +/-6.4 8 253.3 -5

Stati Torsion 127.2 +/-.10 4 117.0 8
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Cavanaugh [9], from cadaver tests were modified to Further development is planned for the modified neck to
compensate for this reduced penetration, make its compliance more closely approach to that of a
The modified performance corridors and dynamic human. This is required to ensure that realistic loads are
responses of the insert are presented in Figure 6. generated at the occipital condyle during impact to allow

the neck load transducer to be used for injury sensing.
Chest Deflection Measurement The standard Hybrid III has a neck load transducer fitted,

but the output of this does not relate well to loads likely to
In the MATD1, the data acquisition system virtually filled be generated in a human neck under impact conditions.
the chest cavity. The changes made to this system for the As an example of this, the testing has shown that high
MATD2, discussed in this paper, allowed the inclusion of torsional moments (Mz) are generated in helmeted impacts
an improved chest deflection measuring system. This now by the current Hybrid III neck, yet there is little evidence of
consists of pairs of string potentiometers triangulating the this type of injury occurring in motorcycle field accident
top and bottom of the sternum of the dummy. The data.
movement of the sternum is monitored both laterally and
in a fore-and-aft direction. THE DATA ACQUISITION SYSTEM

The MATD2 includes a self-contained 16-channel data
Neck acquisition system. This eliminates the need for any

attachment cables that, in a motorcycle crash environment,
For a motorcyclist ATD, humanlike neck response is of could significantly effect rider kinematics. This data
vital importance in obtaining realistic kinematic and acquisition system samples at 10,000
dynamic responses of the head during crashes. The samples/second/channel and is capable of recording up to
performance requirements for Hybrid III head-neck 13 seconds of data. This is important since injuries can
response were proposed by Mertz and Patrick [10]. Neck occur during the primary car to motorcycle crash as well
response was defined by the relation between the torque as during subsequent rider contact with the ground.
about the occipital condyles and the position of the center
of gravity of the head. Wismans et al. [11] proposed The system is mounted in a redesigned spine box, which
further requirements relating the angle of the head to that is mechanically compatible with the standard Hybrid III
of the neck, based on the analysis of volunteer and spine box. The modified spine box weight is the same as
cadaver test data. the Hybrid III version and the full biofidelity of the Hybrid

III thorax is maintained."rne MATD2 neck has been redesigned to improve the
head and neck kinematics in frontal impacts. These The sensors typically used with MATD2 include:
modifications have been aimed at allowing the dummy
head to keep more vertical as it moves forward before it 3 head linear accelerometers
starts to rotate downward. The frontal responses of the 3 head rotational accelerometers
modified neck are compared to the standard Hybrid III neck Fx, Fy and My forces and moments
neck in Figures 7 and 8. lumbar Fx, Fy and My forces and moments

upper sternum X and Y deflections
Figure 9 illustrates how these modifications allow the head lower sternum X and Y deflections
of the MATD2 to remain more vertical than the standard
Hybrid III head as they move forward in a frontal impact. The system is compatible with all commonly used dummy

Z

0

S0 2 •0 •60 70s
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Figure 6: The Response of the MATD2 Crushable Abdominal

Insert with the Modified Performance Corridors from Cavanaugh et al. [9]
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THE APPLIC'TION OF A HYBRID III DUMMY TO THE IMPACT
ASSESSMENT OF A FREE-FALL LIFEBOAT

D H Glaister

P J Waugh
L Neil

RAF _nstitute of Aviation Medicine
Farnborough, Hants, CU15 6SZ, UK

Summary The principle is straightforward - the fully
manned lifeboat is launched from a cradle attached

A requirement to monitor occupant forces to a cargo ship, tanker or oil platform, the cradle

during the launch of a free-fall lifeboat has led supporting it bow down by 35" or so (Fig. 1). Upon

to the definition of a transportable instrumented release, the lifeboat runs forward under gravity,
dummy and data-acquisition system. leaves the cradle and plunges a vertical distance

of up to 30 m to enter the sea bow first (Fig. 2).

Gocd quality data have been record during 21
free-falls from which advice has been given con-
cerning the acceptability of launch forces for both
injured and non-injLred personnel.

Head restraint is aiot considered in the
International Maritime Organisation's current

assessment criteria for free-fall lifeboats, but
was shown to have a pronounced effect on head and
neck forces, with significant overshoots being seen
when no restraint was available.

It is concluded that the dummy and data-
acquisition system developed for these trials
offers a valid means for assessing impact forces
and injury risk in Pzivel impact environments such
as the launch of a free-fall lifeboat.

Introduction

The concept of launching a lifeboat by free-
fall, rather than by conventional use of davits,
was patented in Sweden in 1897, but the first
practical boat was manufactured by Verhoef
Aluminium Sheepsbouwindustrie only in 1960. The
technique has become widely accepted in the last
decade.

Fig. 2. Free-fall lifeboat just prior to water
__entry following a launch from a height of

"33 m.

Appropriate hull design can ensure that, after
a brief period of submersion, much of the kinetic
energy gained in the free-fall is converted into
forwards motion, so that the boat finishes up 100 m
or more from the point of impact, even without the
use of engine power.

Advintages of a free-fall launch, in addition
to the rapid separation from parent ship or rig,

Fig. I. A free-fall lifeboat ready for launching include the ability to launch without ootside
from a cradle on a semi-submersible oil assistance, the simplicity and reliability of the
dril'ing rig. launch mechanism (basically gravity), and the use

of the necessarily sealed hull to provide sustained

j



protection from fire and toxic fumes. However, a Doubts concerning the validity of either the
potential disadvantage is that the forces induced CAR or CDRR led us, in discussions with
by water entry might cause injury, or exacerbate an representatives from the Department of Transport
injury caused earlier in the primary emergency. (Marine Directorate) and the Health and Safety

Executive (Offshore Division), to consider
Currently, acceleration forces induced in a alternative means for assessing the potential for

free-fall lifeboat launch are assessed by criteria injury in free-fall lifeboat launches, particu-
recommended by the International Maritime larly in relation to the evacuation of already
Organisation (IMO) and recently clarified in injured personnel. Recent developments in the
reference 1. The Combined Acceleration Response biofidelity of anthropometric dummies, and the
(CAR) is the maximum value for the square root of availability of relatively portable and robust
the sum of squares (SRSS) of the accelerations solid-state data acquisition systems, led to the
simultaneously measured in the three co-ordinate use of an instrumented Hybrid III dummy in
body axes, expressed as ratios to the 'acceptable' preli,.iinary tests and to the subsequent use of this
limits of ±l1Cx, ±7Cy and ±7Gz. While the SRSS method in evaluating the impact characteristics of
approach appears intuitively logical: it has not free-fall lifeboats from three manufacturers.
been validatea experimentally; the chosen limits
could be excessive, especially in the y axis; Methods
somewhat questionable 'not less than' 20 H. low-
pass filtering is applied to all data; and most Initial tests were conducted using a FL24
important, the limits are applied independent of lifeboat (Verhoef Aluminium Sheepsbouwindustrie) at
seat orientation, or of seat cr restraint harness the Maritime Training Centre (MTC) facility in
configuration. Rotterdam, Holland. The MTC training rig offers a

16.5 m drop height and its associated cabin and
The Combined Dynamic Response Ratio (CDRR) docking facilities made checking out, calibration

also applies the SRSS technique, but this time not and installation of the test equipment relatively
to peak acceleration values, but to dynamic straightforward. It also offers the advantage of a
response indices in the three axes as developed by rapid turn round, as little as 20 min between
Brinkley (1985). The Dynamic Response Index (DRI) launches.
was originally developed to assess the risk of
spinal compression injury during the very high The dummy was a standard 50th percentile
peaks and onset rates of +G, accelerations induced Hybrid III (Humanetics Inc) instrumented with 9
in aircraft ejection seats, and its extension to transducers as follows:
the other five axial directions (-Gz, tGx and ±Gy)
has not been validated. As well as the criticisms Site Transducer Axis
already mentioned in relation to the CAR, a further
element of uncertainty is introduced as the limits Head Philips PR 9367/50 accelerometer Gx
used in calculating the CDRR are based on either Head Philips PR 9367/50 accelerometer Gy
low (0.5%) or moderate (5%) risk levels as defined Head Philips PR 9367/50 accelerometer Gz
for assessing aircraft ejection systems. In these, Torso Kyowa AS/50 accelerometer Gx
the additional acceleration vectors are induced Torso Philips PR 9301250 accelerometer GC

largely by windblast forces rather than through a Pelvis Philips PR 9367/50 accelerometer Gz
seat and harness system, and the application of Lower neck Robert Denton 6 axis model Fx
these values to a free-fall lifeboat launch is 1794 load cell
problematic, particularly if no recognition is to Lower neck Model 1794 load cell Fz
be given to the presence or absence of head Lower neck Model 1794 load cell My
restraint. Also it is debatable whether even a
0.5% risk of injury would be acceptable for routine
training of potential lifeboat users.

/ H..dtd;

0-1
/ -- I

Fig. 3. Dummy installed in seats showing orientation and location of
transducers. Left, forward facing and right, rearward facing seat
configurations.



A further three Kyowa AS/50 accelerometers were Results and Discussion
mounted in a block and bolted to the hull structure
so as to record accelerations in the boat's G x, Gy Good data were obtained from all 21 tests
and Gz axes. Note that these vectors differ from referred to above, but two additional tests had to
those of the dummy as indicated in figure 3, that be repeated following failure to trigger the data-
they also depend on seat orientation, and that the acquisition system, and one following an earthing
ig gravity vector rotates through 35* between fault caused by abrasion of a makeshift DC supply
launch and recovery, having achieved an even cable. In the final series, individual data
greater offset at the instant of water impact (see channels were lost following ingress of sea-water
figure 2). and the wetting of connectors.

Outputs from the accelerometers and load cells Triggering of the data-acquisition system
were fed to a 13 channel strain gauge measurement posed a continuing problem due to the short
system, Micro Movements Ltd MI000 series, and recording time available and the variable, and
thence to a ruggedised data acquisition unit, a sometimes lengthy, interval between the release
Kayser Portax AT 286/20 computer using Global LAB command and the physical release of the lifeboat.
software. The first tests were manned and one of us rode the

boat down and actuated the trigger manually during
The system was set up and calibrated at the the pre-release countdown. Bounce of the button

RAF IAM, then dismantled and loaded into a car for contacts caused two recording failures and
shipment to Rotterdam. It was off loaded and hand thereafter the computer keyboard was utilised. For
carried onto the MTC facility's deck where it was the second and third series of tests, which were
set up and bench tested using MTC's 220v largely unmanned, an external trigger was used.
electricity supply, the head and hull (vehicle) This was taped to the hull and actuated manually
accelerometers being checked against ± Ig inputs just prior to boat release, though with an
using Earth's gravity. The equipment was rechecked inevitably variable time delay. For the final
using a pair of 12 v lead acid batteries before tests the Fastbox was operated by a switch and
being separated into its components for transfer static line, a technique which precluded any record
to, and installation in the lifeboat. The of the pre-release 1 g conditions, useful as a
definitive calibration of the force transducers was calibration check (see below). This system only
carried out in the laboratory upon return to the provided 5 s of usable recording time and with a 3
UK, the accelerometers being individually s delay between release and water impact, the later
calibrated at lOG using a small (241 mm radius) phases of the launch oscillations were unrecorded.
centrifuge, while the neck load cells were
calibrated using the manufacturer's published Sea-water contamination posed a serious
sensitivity data. The zero base line for all problem in later tests in which leaks occurred
transducers was taken as the period of free-fall through access doors and hatches. Indeed, concern
prior to impact, though neck forces may still have about potential flooding led to the serendipidous
been present due to tension in the restraint removal of the dummy and instrumentation prior to
harness and hysteresis in the dummy neck. an overload test in which the lifeboat's access

door failed.
Because of the complex pattern of impact

forces, and their variation down the length of the Calibration of the equipment was based upon
hull caused by the lifeboat's rotation on water manufacturers' sensitivity data, and confirmed by
entry, drops were recorded with the dummy in two use of a small iadius centrifuge at the RAF IAM,
seat locations. For the first series of tests the and by the ±Ig checks on accelerometers on site.
dummy was strapped into the lower forward seat on However, these latter checks necessitated stripping
the port side with the amplifiers and computer down the dummy to remove the accelerometers and
mounted on Plastazote foam on an adjacent seat. were only used in the first tests as it was
The vehicle accelerometer was fixed on a line with subsequently found that calibrations at the RAF IAM
the dummy's chest using an existing floor plate before and following a series of tests (and
bolt. The computer was triggered some 2 s into the associated manhandling of the dummy) were in close
release sequence using a hand-held button. After agreement - usually within 2%. A final check on
two successful launches and recordings, the dummy the system was obtained by calculating the angle of
was transferred to thu rearmost seat on the port the launch ramp from +G data recorded pre-release,

side. The electronics were moved and refixed to an and during the phase of weightless free-fall (see
adjacent seat and the vehicle accelerometer mounted figure 4, arrow B). A value of 34.4" was obtained
on a piece of aluminium channel pop-riveted to the which compares very satisfactorily with the actual
floor in the centreline Just forward of the battery 35" at which the ramp was constructed.

box. This series of tests was completed in April
1991, since when three further series of tests have Figure 4 illustrates lifeboat accelerations in
been undertaken, the x and z axes recorded from the hull at forward

and aft locations. The y axis data are omitted
Five tests were carried out on a larger, 45 since, with one exception (see below) they were

person, free-fall lifeboat using a launch platform insignificantly small. While the general shape of
built onto the deck of a semi-submersible crane the pulses is similar: a -Gx pulse as the craft
barge, the Hermod, anchored in Rotterdam harbour, slows down along its longitudinal axis over a
with drop heights of up to 31.3 m; ind eight on a period lof 1 s, from an initial impact velocity of
s imilar sized Norwegian-built craft and a rig 18 ms- ; and a ÷G. pulse as the bows are forced
attached to a semi-submersi')le oil drilling plat- upwards and the stern brought to rest following

form. A final qeries of four tests was monitored rotation of the vessel; the pulse profiles, and in
using a dfferent dummy (another Hybrid Ill), particular, the initial spikes on first water
transducers (Endevco Model 7264-200 piezoresistive contact, are significantly different. Thus, the
accelerometers) and data acquisition system (a lifeboat is initially rotated about its centre of
Fastbox developed by the Texas Transportation mass, causing a -Gz spike at the aft seating
Institute). These were carried out on a British position and a +Gz spike forward. The main
built lifeboat using a dockside tower in Europort, acceleration pulses are of low magnitude, -2G and
Rotterdam, from drop heights of up to 25.8 m. +5G 7 , b'it peaks seen in the 125z low-pass filtered

signal range from -4 to +0.SGx and from -4.5 to
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+8.5Gz. It is these peaks, in particular, which The later boats tested required a somewhat
evoke dynamic responses from the dummy. Secondary extended head position in order to obtain head
oscillations are seen in the G. axis as the boat contact with the head rest and this attitude could
re-emerges from the water and is briefly weightless not be achieved within the range of adjustment of
again before finally coming to rest some 5 s the Hybrid III dummy neck. Consequently, head
following the initial impact. restraints could not be utilised, even when

provided. In general, neck forces were moderately
Figure 5 illustrates traces of forces recorded high, and head accelerations relatively low, when

in the dummy in the G axis - head, torso, neck Fx head restraints were used; while without restraint

(shear in the x axis) and neck M (the moment the neck forces were lower, but the head
tending to nod the head), and figure 6 shows acceleration data showed greater dynamic overshoot.
equivalent data for the G. axis - head, torso,
pelvis and neck. In both figures the simul-
taneously tecorded hull accelerations are shown and Hull Gx
major differences are caused by the differing
orientations of the accelerometers (left hand o . ...........
panel, Fig. 3). There was little evidence of
dynamic overshoot in these particular tests in -- ...........................................
which the torso and head were efficiently
restrained. Quite considerable neck forces were
seen with, as would be expected with head --

restraint, the pattern of neck Fx closely following
boad G7 (though inverted in figure 6). The neck

moment about the y axis (M ) exhibited peaks in
excess of +700 and -400 lb i yns (Fig. 5).

Head Gx

Hull Gx - for'd

Torso Gx- ------ -- -I
0-- -- - -- -- -- ---- -- - -- -- -- -

...... .... .... -- -- --- -- --- -- -

45 1 74•

Neck Fx

Hull Gx - af•. .

-------------- ----------

--- - - -----------

Neck F

Hull GZ - aftro -- -- ------------
-7 

-- -- ---- - ----

-i e -_ Time------- - --ec-

forces. The lifeboat is released at point during a lifeboat launch from 16.5 m, aft
A and clears the raap at point B. seating position, forward facing seat.



One of the lifeboats tested showed consistent data, a value of approximately 1.4 would have been

lateral hull accelerations which ranged from +0.8 obtained, so exceeding the allowable value of

to 2G,, and these induced head accelerations of up unity. The hull measurements yielded an acceptable

to -7 Y (The change in sign is due to a rearward CAR of 0.85. This observation confirms the

facing sitting position). Head restraint was not relevance of the dynamic response and suggests that
provided in this lifeboat and, as illustrated in any index ised to assess the lifeboat's

figure 7, considerable dynamic overshoot occurred acceleration characteristics should take this

in both C, and G.- xes. If the CAR were to be factor into account. Thus, the CDRR is preferable

calculated from head data, rather than from hull to the CAR in this respect.

A video recording was made of the dummy during

one launch in which the harness was delioerately
Hull Gz left slacl,. During the free-fall phase of the

] _ -launch, the dummy rose out of its seat to the limit

I of its restraint, so confirming the need for a
torso restraint system which will be effective even
when donned rapidly in an emergency evacuation.

S- -Clearly, serious injuries could be caused if any

passenger were to be launched unrestrained, even in

4 a rearward facing seat.

Head Gz Hull Gz

r I

Torso Gz Head Gz

- t* . . ...... Y •77 >-..

Pelis Gz Hull G Y

Neck Fz Head Gy

S, • •, • ... .... - ,'N /-,

" ' Time-- s-c

Time -sec

Fig. 7. Transmission of forces from hull to head
Fig. 6. Hull and dummy Gz axis forces recorded in the Z and Y axes recorded during a

during a lifeboat launch from lo.5 m, aft launch from a height of 25.8 m. Rearward

seating position, forward facing seat. facing seat, no head restraint.
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Lifeboats evaluated incorporated both forward References
and rearward facing seats, and either configuration
appears adequate given effective restraint. There 1. Clarification of SOLAS chapter III provisions
were three different harness arrangements, with and related to protection of occupants of free-fall
without head restraint. Consideration should be lifeboats against harmful accelerations during
given to evaluating these restraint systems on an launching. IMO Maritime Safety Committee (MSC)
impact rig using human volunteers and represent- Circular 510, 26 April 1989.
ative acceleration pulses. Such tests would also
provide a useful and realistic validation of the 2. Brinkley, J.W. (1985). Acceleration exposure
dummy impact data, and add to the limited personal limits for escape system advanced development.
experience of free-fall launches obtained by the Journal of SAFE Association, SAFE, 15:10-16.
authors during these trials.

3. Reviei' of Biomechanical Impact Response and
In only one instance had the carriage of Injury in the Automotive Environment. (1985).

injured personnel been referred to by the Prepared for the National Highway Traffic Safety
manufacturer at the time of the trial. Where a Administration, Washington, DC, by Michigan
stretcher is proposed to be fitted in the gangway, University, Ann Arbor. March 1985.
an instrumented dummy would be the ideal means for
assessing the potential for pre-existing limb and 4. Waugh, P.J. and D.H. Glaister. Paper to be
neck injuries to be exacerbated by the impact presented at a Conference on Offshore Protection of
forces. Life and the Environment. The Institute of Marine

Engineers. London, 20-21 May 1992.
Lower limb force transducers were not

available .t the time of these trials, but
subsequent use of the Hybrid III dummy on ejection
rig tests has shown the value of a 6-axis femur
load cell in assessing limb loadings. Its use is
strongly recommended for future free-fall lifeboat
evaluations, particularly in relation to the use of
stretchers.

No attempt has been made in this paper to
relate measured forces to the many human tolerance
figures available in the literature - for example
the 1985 Michigan University Review of
Biomechanical Impact Response (3). Suffice it to
say that many data are available against which the
measured values can be assessed in terms of injury
risk, a direct approach which offers a significant
advance over the use of simpte mattemaLiýaL mudels
such as the CDRR (4).
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A NEW INSTRUMENTATION SYSTEM FOR MEASURING THE DYNAMIC RESPONSE OF THE
HUMAN HEAD/NECK DURING IMPACT ACCELERATION'

by

M.S. Weiss, G.C. Willems, SJ. Guccione, Jr, C.i. Mugnier* and M.E. Pittman*
Naval Biodynamics Laboratory

*University of New Orleans

P.O. Box 29407
New Orleans, LA

70189-0407 United States

SUMMARY magnetohydrodynamics, was developed by Applied
Technology Associates (ATA). Preliminary evaluations

Recenty developed angular motion sensors, based on the of this sensor both at NBDL and at the Transportation
laws of magnetohydrodynamics, have potential applica- Research Center of Ohio yielded encouraging results
tion in biodynamic research. These sensors were tested [4,51. These tests, however, were limited in scope and
on the Naval Biodynamics Laboratory's (NBDL) vertical did not address the issue of incorporating the new sensor
accelerator, using the Hybrid III manikin as the test into a new complete system, with total measurement
subject. The sensors were used to measure the manikin's capability equivalent to the old system. The new system
head motion in three dimensions. Experiments were we descnbe here is such a complete one. In addition to
conducted at impact levels up to 13g in the vertical (+ Z) incorporating the new sensors, it uses 35 mnm still camera
direction. Data was collected using both the new sensors photos for locating coordinates, instrumentation, and
and the standard NBDL package of nine linear acceler- initial position.
ometers. A new method for obtaining initial position and
orientation information asing still photogrammetry was To evaluate the performance of the new system, we per-
also evaluated. formed seven impact tests using the NBDL vertical

accelerator facility and an appropriately instrumented
The analyses of the tests show that the new sensor and Hybrid Ill manikin as the subject. Tests were made at
photogrammetry system compared very well with the impact levels up to 13g in the vertical (+ Z) direction.
nine accelerometer array and the direct photographic
measurement of displacement. Comparisons were made EXPERIMENTAL METHOD
between measurements of acceleration, velocity and
displacement. The new system yielded equivalent and, Coordinate and target location. The new head anthro-
in some instances, more accurate results. This study pometry procedures used six simultaneous 35 mm still
extends the results of previous preliminary testing and photos of the manikin wearing NBDL standard mouth
confirms the value of the new system as a simpler, more instrumentation [2]. Film coordinates of the markers
accurate and portable replacement for the old one. positions were obtained from enlargements using an

ALTEKi digitizer. Customized versions of PREP and
IN.PRODUCTION PC-GIANTO, two standard photogrammetric software

packages, were used for the three-dimensional (3-D)
At the NBDL we conduct simulated crash and ejection reconstructions of marker positions.
tests utilizing human subjects as well as manikins.
Analyses of these tests require a validated data acquisi- This new system yielded point positions accurate to
tion and processing system. The two principal require- ± 1 mm with up to four degrees of freedom for error
ments for such a system are the accurate measurement estimation. The old system yielded a minimal solution
of: with no degrees of freedom for error estimation (i.e.,

I. the relative positions and orientations of only two ray intersections). The best features of the new
coordinate systems based on anatomical and instruments- methodology are the lack of X-ray exposure for human
tion landmarks; subjects, greatly enhanced portability, increased accuracy

2. the time history of the anatomnaal kinematic and error estimation capability.
variables which include linear and angular velocity,
acceleration, and displacement. To compute initial conditions for the head kinematic

variables, the positions and orientations of the cameras
For this series of comparison tests we used the NBDL with respect to the laboratory coordinate system had to
sled coordinate system and the head anatomical coordi- be located. In the old system, a theodolitic survey was
nate system [1]. We measured the linear and angular used to locate the corners of each camera mounting
motions of the head with arrays of subminiature acceler- block. The location of the camera coordinate systems in
ometers. Nine transducers were used in three triaxial the laboratory coordinate system were then determined
clusters, an arrangement commonly described as the 3-3- by combining this site survey data with camera calibra-
3 configuration 121. Anatomical coordinates and instru- tion data [6].
mentation location were measured in this, the "old"
sstem, by X-ray plhotogrammetry [31. High-speed In the new system, six 35 mm cameras were mounted on
cinematography provided direct measure of displacement, a stationary frame on the vertical accelerator, two on
as well as coordinate, initial position and velocity each side of the manikin and two in front. Each had an
information. unobstruc.,A view of a large number of control points

and the expected range of positions of targets on the test
Recently an anvular motion sensor, based on the laws of subject. A calibrated 3-D target system (a "spider') [71

Opinions or conclusions contained in this report arc those of the authors and do not necessarily reflect the views of, or

have the endorsement of the Department of the Navy. Trade names of materials or products of commercial or other non-
government organizations are cited only where essential to precision in describing research procedures or evaluation of results.
Their use does not constitute official endorsement or approval of the use of such commercial hardware or software. t
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was attached to a previously surveyed target cube and the "normalizing" all quaternions appearing in the Runge-
transformation from the spider to the laboratory system Kutta formulas for each time step rather than forcing
was obtained. Six simultaneous photos of the above normalization by penalty functions [10].
setup were taken. The negatives were digitized on a
Mann Comrparator* and processed through PREP* and Test configuration. All tests were conducted using a
PC-GIANT'. Site survey results included the positions Bendix Hyge. 1524 m (6") diameter pneumatically driven
and attitudes of the six cameras, the locations of the eight accelerator and NBDL's vertical payload carriage.
comers of three target (control) cubes and several survey
targets at various locations on the test platform. The manikin was restrained in a nominally upright seated

position by shoulder straps, a lap belt and an inverted-V
The 35 mm cameras used in both the head anthropometry pelvic strap secured to the lap belt. Wrist restraints were
and site survey were calibrated and corrected for radial used to prevent flailing of the arms. Data was collected
and tangential lens distortion [8]. using NBDL's standard channels (125 Hz, 2000 sam-

ples/second/channel). Figure 1 is an illustration of the
Kinematic variables. The generation of time traces for overall test configuration.
the head kinematic variables require: 1) the relations
among the coordinate systems determined by the head
anthropometry, site survey, and camera calibrations; 2)
stable mathematical algorithms for deriving those vari-
ables not directly measured by the cameras and inertial
sensors and 3) initial values for the kinematic variables
computed by these algorithms.

The old system computes initial head linear and angular
displacements and velocities using approximately 50 ms
of photodata acquired prior to first motion by the three
high spved cameras. Angular initial conditions are
derived in ruaternion form. Euler angle and direction
cosine matrix initializations are obtained via standard
conversion formulas [1,21. Initial accelerations are
arbitrarily set to zero.

The new system computes the initial displacements from
a set of six simultaneous 35 mm still photos acquired
prior to first motion. Initial velocities and accelerations
are set to zero.

In the old system, the linear and angular displacements
of the mouth instrumentation with respect to the laborato-
ry are computed using a non-linear least squares algo-
rithm 191 on two-dimensional photodata from the three
high-speed cameras. Angular and linear velocities are
obtained by differentiation of the displacement data.
Linear accelerations of the mouth instrumentation are
obtained from a linear accelerometer triad placed at the
instrument origin. Angular accelerations and velocities
are computed using appropriate differences of linear
ac elerometer measurements from the three triaxial
clusters (3-3-3 accelerometer package) and Euler's
equations. The available redundancy in equations is
exploited to compute a "best" least squares solution for
the accelerations and velocities. Linear velocities are
obtained by integration of the linear accelerations.

Data quality is assessed by the degree of overlay of the Figure 1 Experimental setup.
photo and accelsrometer-derived linear and angular
velocity plots.

The old and new system were evaluated by fitting the
In the new system, linear accelerations of the mouth Hybrid III mn.iikin with two head instrumentation
instrumentation are measured as in the old system. packages: the 3-3-3 accelerometer package (called T-
Repeated integrat.oris produce the corresponding veloci- Plate for its shape), and a three-dimensional measure-
ties and displacements. The redundancy of the new ment package consisting of a triaxial linear accelerometer
linear accelerometer and angular velocity sensor system cluster and three orthogonal angular velocity sensors
allows the determination of optimal linear acceleration (called Triax-ATA).
values which yield stable, reliable velocities and displace-
ments. All accelerometers were Entran EGA series subminiature

piezoresistive units with a dynamic range of ±50g and
Angular velocities about the X, Y and Z axes of the head a nominal sensitivity of 3 mv/g. The angular velocity
coordinate system are measured by three orthogonal sensors were ATA ARS-l sensors, which had a dynamic
angular velocity sensors. Angular accelerations are range of ± 1600 rad/s and a nominal sensitivity of 6
obtained by using a 5 point differentiator on the mes- mv/rad/s. The T-Plate, which doubles as a phototarget
sured angular velocity data. Angular displacements are carrier, was firmly attached to an interface fixture bolted
obtained by a plying a 4th order Runge-Kutta method to to the manikin's chin (as seen in Figure 1). The Triax-
the linear vanable-coel.,cent differential equations for ATA package was bolted to the base of the manikin's
quaternion time evolution [101. The measured angular head using a package illustrated in Figure 2.
velocities are the coefficients for this system of equa-
tions. Best results for this algorithm were obtained by
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Peak Endstroke Rate of Duration
(m/s) velocity onset (ms)

(m/s) (m/s3)

48.4 4.8 601 62

82.9 6.8 2194 59

94.5 7.5 2540 58

125.3 9.3 3538 53

Table 1 Sled Acceleration Parameters

angular acceleration, velocity and displacement) were
conrr'red between the new and old systems. At each
accele.ation level, differentiated angular sensor outputs

- were compared with the computed angular accelerations
of the T-plate. For the T-plate, NBDL's standard

Figure 2 Triax-ATA mounting package. procedure was used. This takes advantage of the avail-
able redundancy in equations to compute a best least-
squares solution for the angular accelerations and the

The measurements from this package were made in the linear accelerations of the mouth T-plate origin. For the
coordinate system defined in Figure 3, where the new system, only the linear acceleration of the origin is
arrowheads indicate the direction of positive motion, computed via least squares. The angular accelerations
Measurements from the T-plate cluster were transformed are computed by differentiating the angular velocity
to this same coordinate system to allow a direct compari- measurements.
son of the motions recorded by both systems. At the velocity level, the computed angular accelerition

z measurements were mathematically integrated and
Ocompared with the direct measurements obtained from

the ATAs. The angular trajectories obtained from the
high speed cinematography were also differentiated mnd

6 compared to the ATA outputs. The computed linear
¥ - acceleration measurements of the T-plate origiu ,or the

new and old systems were integrated and compared to
differentiated linear displacement photodata from high

Figure 3 Manikin Coordinates speed cinematography.

At the displacement level, angular displacements about
The new system's still photography and the old system's the X, Y and Z axes of the head anatomical system

dcinematogrphy .ere also used for measuring obtained by high-speed cinematography were comparediiag hend with computed angular displacements obtained from
initial poiton and dipiacement. This confi uration inertgthqueinceuaosofminad
allowed the following comparisons: Triax-ATA vs T- integrating the quaternionic equations of motion and
plate-, T-plate vs photodata; and Triax-ATA vs ph. todata. subsequent conversion to Euler angles. Linear displace-

ments of the T-plate origin obtained from high-speed
cinematography were compared to the linear dispace-

,to 5ments computed by integration of the computed linear
"t... I..., s. velocities of the new system.

125 d... 1O.09

t• ,oo RESULTS

E 7s Due to the stiffness of the manikin neck, there was no
50 significant head motion outside the mid-saggital (X-Z)

I. . plane. Consequently, the linear kinematics reviewed
here include: X and Zdisplacements (Xd, Zd), velocities

25 (Xv, Zv) and accelerations (Xa, Za). The rotational

0- kinematics about the Y axis (OY) include angular
o displacement (@Yd), angular velocity ',@Yv) and angular

-25 - 1 acceleration (@Ya).
0 O 0.05 O.1O 0.15 020 0.25 0.30 0.35 0.40

T,,. ( .. ~.. .) Individual and overlay plots of old and new OYa, @Yv
and @Yd for a 13g test, are shown in Figures 5-7.

Figure 4. Typical sled acceleration profiles. Figures 6 and 7 include an unfiltered plot of @Yv and
@Yd computed from the old high speed cinematography
as a reference standard.

Figure 4 illustrates typical time traces for accelerations Figures 8-11 show overlay plots of old and new Xa, Za,
raning from 5g to 13g. The basic parameters include Xv and Zv respectively. Figures 12 and 13 are plots of
pea1 sied acceleration, endstroke sled velocity, rate of the old and new displacement measures, Xd and Zd.
acceleration onset, and duration of peak acceleration. The velocity and displacement plots (Figures 10-13)
These are summarized in Table 1. include an unfiltered reference computed from the old

high speed cinematography.
Comarison analysis. All kinematic variables (linear aid
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1 375 CONCLUSIONS AND RECOMMENDATIONS

,350 , -- The analyses of the jests show that the new sensor and
.. 325 - .•. photogrammetry system compared very well with the old

nine accelerometer array and the direct photographic
2 ",30(1 measurement of displacement. The new and old angular

,1o 300 kinematics and linear accelerations show excellent
12•5- agreement. However, the new linear velocities and
1 275 i.o,,. old o. . displacements match the photodata velocities and dis-

placements more closely than do the old ones.
1.250 dotl, d line new een1*'r

Further improvements in the computatiou of linear
, - -0.15 0z aU .)~ 0.. 0 displacements are planned. These include: 1) filtering

-oo ..o . 0. 0 the derived angular accelerations; 2) properly weighting
the new least-squares algorithm for obtaining linear
accelerations using accelerometer calibration data and 3)

Figure 13: Old and New Z-axis linear displacement refining the numerical integration procedure.

In addition, we are planning improvements in sensor
DISCUSSION performance. For example, we are currently implement-

ing an improved calibration procedure2. Possibly more
Figures 5-13 present the comparisons of the midsagittal important, the dynamic range of the ATA sensor (± 1600
head kinematic variables measured by the old and new radis) is an order of magnitude more than necessary. All
system for a 13g +7 vertical test. It is evident from experiments yielded angular velocities below 100 rad/s,
Figure 5-6 that the ATA sensors yield angular accelera- which is in the bottom 6 % of the dynamic range. A
tion an,: velocity measurements matching those produced different re-scaled sensor should improve the new system
by the old system. The differentiated angular displace- performance.
ment photodata provides an independent confirmation of
the accuracy of the velocity mesqurements. For the We are satisfied that the new system performs as well or
angular displacement in Figure 7, the photo data is the better than the old system. This confirms the value of
direct measurement. The new sensor derived angular the new system as a simpler, more accurate and portable
displacement agrees excellently with the angular displace- replacement for the old one.
ment photod ita. The discrepancy in initial displacement
at zero time between the old photo and the new sensor .6
due to the two different photogrammetric systems - high ACKNOWLEDGEMENTS
speed cameras vs 35 mm cameras - used to obtain the
initial conditions. There are many people whose efforts made this report

possible and whom we would like to thank. Mr. Jim
The excellent performance of the new system in deriving Lambert and 'Mr. Ronnie Wilson of the Mathematical
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tion and displacement. However, the linear kinematics Data Systems Division, respectively, processed the test
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excellent agreement between the new and old head linear digitized and processed the new 35 mm photodata. Mr.
accelerations. Howevtr, at the velocity and displacement Bill Campos of Pentastar Support Services Inc., photo-
levels, (Figures 10-13), the new sensur system tracks the di gitzed the high-speed film. Finally, Ms. June Gordon
photo derived velocities much more closely than does the ofthe Research Department skillfully produced the final
old system. The displacements measured by the new camera ready manuscript.
system (accounting for differences in initial position)
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Human Factors Causes and Management Strategies
in US Air Force F-16 Mishaps 1984-Present

R.D. Vanderbeek
Aerospace Medicine Division

HQ TAC/SGPA
Langley AFB, VA 23665

U.S.A.

1. SUMMARY conditions with a distinct horizon; 14 occurred in a
The F-16 was introduced into the US Air Force in 1975 degraded visual environment (either night or weather),
as the YF-16. It began significant operational but an unusual attitude was not encountered; and in
employment in the early 1980's. For this paper eight an unusual attitude was encountered in a degraded
statistics reflect mishaps since 1984, an arbitrary visual environment. Therefore, some crossover and
starting point reflecting mature operational F-16 mixing of causality exists within these two traditional
employment as the venerable F-4 was being phased into causal categories.
retirement.

Table 1. F-16 Class A Mishaps, 1984
A review of all F-16 Class "A" mishaps (i.e. loss of to 1992, with Operator Cause Cited.
aircraft, life, or damage exceeding $1 million) from Traditional Number of Number of
January 1984 through the end of March 1992 is Cateqory Mishaps Fatalities
presented. These mishaps are first listed within G Loss of Con-
traditional causal categories. The mishaps where sciousness (G-LOC) 6 6
operator factor was cited are then recategorized into an
expanded umbrella framework reflecting operationally Loss of Situational
meaningful subsets of situational awareness (SA). This Awareness (LSA) 14 12
SA framework more clearly demonstrates the role and
importance of pilot attention and broader awareness in Spatial Dis-
mishap avoidance. A program developed by Tactical orientation (SDO) 14 12
Air Command, United States Air Force, to improve
pilot attention and awareness is then discussed. Loss of

Control (LOC) 6 0
2. MISHAP EPIDEMIOLOGY
There have been 120 Class A mishaps in the F-16 from Midair Collision 12 9
1984 to the present. Fifty mishaps have been attributed
to system or component failures (mostly engine failures) Takeoff or
or maintenance errors. Sixty five mishaps have been Landing Phase 6 0
attributed to operator factor, while five mishaps have
been due to natural causes [bird and lightning strikes). Miscellaneous 7 3
There have been 42 fatalities associated with these 120 65 42
mishaps; all 42 have occurred where operator cause was
cited.

2.1 Expanded Concept of Mishap Causality
Of the 65 mishaps where operator/pilot factor was The current concept of situational awareness lacks
deemed causal, most authors or Air Force agencies have operational reality and often is narrow in focus,
classified them into traditional categories as shown in typically highlighting "Top Gun" air fighting skills
Table I. while ignoring other aspects of global situational

awareness. A "Situational Awareness Umbrella"
The Loss of Situational Awareness (LSA) and Spatial nicknamed SABRELLA was developed as an analogy to
Disorientation (SDO) mishaps are often difficult to depict a more complete situational awareness (SA)
differentiate. In all LSA mishaps there certainly has model from an operational perspective. The
been secondary loss of spatial awareness with respect to SABRELLA analogy as it displays this SA concept is
the earth's surface. Similarly, in all of the SDO shown in Figure 1.
mishaps there certainly has been loss of attitude
situational awareness. For the 28 combined LSA and The detractors of SA are shown as "raining down" onto
SDO mishaps, six have occurred in day visual flight the SABRELLA, trying to "ruin your day" by

,j
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degrading SA. These are traps or predisposing factors threat priorities, complex information processing,
that lead to aircrew error. These detractors are comprehension of the tactical situation, and predictive
constantly a potential nuisance during many phases of capability are just some of the many variables presented
flight on most daily operational F-16 sorties. to the pilot in the tactical environment.

The supporters of SA are shown as the struts in the In summary, the SABRELLA analogy depicts the
frame of the SABRELLA, as they try to retain elements that may degrade SA, elements that provide
awareness by countering the detracting influences. The fundamental SA, elements that may enhance SA once
"supporters" of SA include management of task airborne, and components of SA that the pilot is trying
priorities, flying proficiency and currency, attention, to preserve. Maximal preservation of SA ultimately
pilot capacity, self-discipline, training, and experience. protects the pilot and his weapon system and better
The "detractors" include confusion, distraction, task enables the employment of that weapon system, both in
saturation and complexity, channelized attention, peacetime and in combat.
illusions, false information, ego and aggression,
physiological detractors, complacency, experience, 2.2 Recategorization of F-16 Class A Mishaps
biases, and TEMPORAL DISTORTION. Using the six subsets of SA depicted beneath the

SABRELLA analog, the 65 operator-related mishaps
The potential augmentation of SA is shown blending can be reclassified. Analysis of each mishap allows a
into the handle of the SABRELLA. These are post- description of the subset(s) of SA that were degraded
takeoff variables that can add stability to or enhance the during the mishap scenario. This recategorization is
SA framework in a fluid environment: time and shown below in Table 2.
additional information that becomes available. Under
the SABRELLA is depicted the aircraft being flown
operationally, and those "subsets" of SA that your
SABRELLA is trying to preserve from the "rain of Table 2. Recategorization of F-16
detractors". Class A Mishaps into Subsets of

.Degraded Situational Awareness (SA).
Six situational awareness subsets are shown in Figure 1: Number jiumber SA Subset SA

_Category Mishaps Degraded Dearaded
Geographic Awareness G-LOC 6 6 Phy, Per,
Performance (aircraft) Awareness Pay
Psychologic Awareness LSA/SDO 28 28 Tac, Spa
Physiologic Awareness
Spatial Awareness LOC 6 6 Spa, Per,

Tactical Awareness Tac, Pay

MidAir 12 9 Tac, Per,
These subsets are not meant to be an exhaustive listing Pay
of all of the elements of global situational awareness. Takeoff/
However, they describe most operational situations, and Landing 6 3 Spa, Per
at many times are paired or grouped with each other in
a complex way. It may be difficult to determine which Miscel- 7 4 Tac, Geo,
subset is the primary cause in a mishap scenario. laneous - Pay, Per

65 56
Geographic awareness describes position of the aircraft ( 86%)
in latitude/longitude over the earth's surface. Phy= Physiologic Spa= Spatial
Performance awareness refers to aircraft (not person), Pay= Psychologic Tac= Tactical
and includes one's own aircraft as well as the Geo= Geographic Per= Performance
performance of the ..iemy's or wingman's aircraft.
Psychologic awareness describes the pilot's self-
assessment of his current psychological state (mood, The following discussion presents an example of the
anger, ego-control, embarassment, vigilance, degradation of a situational awareness subset within
motivation .... ). Physiologic awareness describes the each traditional causal mishap category.
pilot's assessment of his physiological condition
(fatigue, illness, fitness, G tolerance, thermal burden). G Loss of Consciousness (G-LOC): In all of these
Spatial awareness describes attitude orientation of the mishap scenarios failure to monitor physiologic
aircraft with respect to the surface of the earth. Tactical awareness has been directly causal. If the pilot
awareness is the most complex in the fighter aviation monitors G onset and duration in the context of
environment, and includes multiple variables. Other air physiologic capability, G-LOC will not occur. Aircraft
threats and own wingman position, ground threats to performance is also a factor as it determines high G
the aircraft, mission scenario, navigation requirements, capability, and psychologic state has been a contributor
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in some mishaps where excess motivation to succeed or
attempting to recover from a previous embarassing Table 3. F-16 Class A Mishaps with
engagement were factors in the mishap. Suboptimal Degraded Situational Awareness ISAI.
psychological states degrade the pilot's ability to Primary Subset of Number of Class
maintain awareness within the other subsets. SA Dearaded A Mishaps

Tactical Awareness 27
Loss of SA/Spatial Disorientation (LSA/SDO): In most
of these mishaps degraded tactical awareness has been Performance
instrumental. Task saturation, channelized attention, Awareness 10
distraction or task misprioritization leads to degraded
tactical awareness and thence to potential loss of spatial Spatial Awareness 8
awareness with resultant collision with the ground. In
some of the scenarios loss of spatial awareness is the Physiologic
only probabie factor as no tactical scenario was Awareness 6
operative.

Ps• chologic
Loss of Control (LOC): In all of these mishaps loss of Awareness 5
spatial and performance awareness are directly causal.
Assessment of aircraft attitude in relation to airspeed is Geo raphic Awareness 0
critical if loss of control is to be avoided. Often tactical
awareness is also degraded, as "nose high and slow
airspeed* are generally tactically unsound maneuvers. 3. DISCUSSION
Psychologic awareness has been a factor as well in some 56 of 65 Class A F-16 mishaps can be placed within the
of these mishaps, as a pilot in an effort to gain various subsets of a more global perspective of
positional advantage disregards aircraft attitude and operational situational awareness. This categorization
performance. reflects how degradation of any of these SA subsets can

contribute to degradation of other subsets and to a
MidAirs: These are complex scenarios, but in many of sequence of causal eveats that may culminate in an
the mishaps (75%) loss of tactical and performance aircraft accident. Improving pilot attention and
awareness have been operative as well as loss of awareness skills should break this sequence of events
psychological awareness. Similarly to loss of control through optimization of SA and reduce mishap
mishaps, desire to achieve a fighting advantage likelihood.
precludes appropriate assessment of the tactical situation
or aircraft performance and flight vector. 3.1 Aircrew Attention and Awareness

Management Program
Takeoff and Landing: About half of these mishaps have In an effort to reduce Class A mishaps, the US Air
involved degraded spatial awareness (sink rate not Force's tactical air forces and Tactical Air Command
perceived) and/or degraded performance awareness (TAC) have developed a program whose strategy is
(failure to assess available aircraft performance in the aimed at enhanced aircrew attention skills and
presence of a high sink rate). situational awareness. This program is called "Aircrew

Attention and Awareness Management Program"
Miscellaneous: The best example within this group is (AAAMP) which is gradually being phased into all
fuel starvation where degradation of SA may occur levels of training in TAC. The curriculum is being
within several subsets: poor tactical awareness of fuel developed by a team of aerospace physiologists,
state during the air to air dogfight; poor geographic aerospace medicine specialists, and experienced USAF
awareness of where the recovery bases are located; poor pilots.
psychological awareness as a pilot fights the opponent
to a low fuel state; or complacency during a navigation The program is planned for phasic implementation, with
flight with failure to perform regular cross-checks of the first phase being presented at basic fighter training
fuel quantity or status. at Holloman AFB, NM; the second phase will be

presented to students at fighter training units throughout
When all 65 mishaps are analyzed a "primary causal the command; the third phase will target the instructors
subset of degraded SA* can be assigned to 56 (86%). at these training units; and the final phase will be
"The results are shown in Table 3. presented at operational units. Phases 1 and 2 have

already begun. Part One of the curriculum is composed
of three hours of basic physiology which addresses
perception, memory, information integration and
processing, decision and response selection, task
execution and attention problems. Subsequent parts of
the curriculum are mission-specific, developed for each
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aircraft type and mission type (air-to-air, air-to-ground, An approach to investigate these mishaps and a program
night interdiction, etc). to reduce their frequency must focus on the root causes

of pilot performance degradation. The discussion
A mission planning model is a key element of the presented here focuses on attention and awareness skills
curriculum, which provides a framework for analysis of that if improved should enhance pilot performance and
potential events for the entire mission from takeoff to reduce mishap tendencies. All of the G-LOC and loss
landing to include the environment, the aircraft, the of control mishaps could have been avoided with
aircrew member, the situation, and the mission fundamental enhancement of physiological, aircraft
scenario. High probability human performance performance and psychological awareness. The
concerns are analyzed and a response plan is developed "SA/SDO" and midair mishaps are more complex, but
for each concern within the mission model. Mission would also benefit from fairly modest enhancement of
segments where high task loading is likely come under tactical awareness skills and task execution skills.
careful scrutiny; task pacing may be rehearsed, and a
plan to deal with loss of SA is developed. The Tactical Air Command's AAAMP program is only

one of several attention and awareness management
The goal of the program is improved attention skills, concepts currently being implemented around the globe.
which should be reflected in increased global situational The airlines have a similar program that focuses largely
awareness and improved predictive skills. Time sharing on task management for multiplace cockpits without
skills should improve, and will include time for tactical considerations. Hopefully over the next few
assessment of physiological and psychological years these programs and concepts will mature and
conditions as well as tactical and spatial concerns. provide the pilot with improved cockpit attention and
Critical versus non-critical tasks are pre-identified awareness skills that will reflect itself in a reduced
before takeoff; task execution will be dependent upon mishap rate.
attention, awareness and time available. The overall
impact of a successful training program will be
heightened awareness skills with a reduction in aircrew
error rate. The main benefactor will be improved
aircrew performance for 99,999 of 100,000 flying
hours; the benefit to a broken causal mishap sequence
will occur in that one flying hour per 100,000 where
error has a catastrophic outcome.

The AAAMP has admitted limitations. Pilot
knowledge, experience, proficiency, and scenario
familiarity are not well taught in the classroom.
However, a dedicated attention skills training program
should hasten knowledge acquisition, enrich available
flying experiences, and improve proficiency that is
otherwise gained in a more haphazard fashion through
trial and error or "near-miss" experiences.

Future expansion to incorporate simulators for cockpit
attention and awareness skills training is not presently
built into the program. Realistic high fidelity mission
scenarios could be developed to assess and refine pilot
attention skills, improve task execution, and identify
deficiencies in cockpit pacing.

4. CONCLUSION
Traditional categorization of mishaps where operator
factor was cited do not reflect the human performance
issues that were instrumental in the sequence of events.
The SABRELLA model depicts an operational
perspective of these human performance issues
(detractors, supporters, augmentors) and the subsets of
situational awareness that the pilot wishes to preserve.
In a great majority (86%) of F-16 Class A mishaps with
operator factor cited, degradation of some aspect of
situational awareness is causal.

A
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F - 16 ACCIDENTS : THE NORWEGIAN EXPERIENCE

Suzanne Kiaveness
MD, Major, Flight Surgeon, Royal Norwegian Air Force

N-1590 Rygge Main Air Station, Norway

Harald T Andersen
MD, Ph D, D Sc, D Av Med,

Director, Royal Norwegian Air Force Insitute of Aviation Medicine
Oslo, Norway

1 INTRODUCTION 2.3 Total hours flown
Investigation reports irom F-16 mishaps in the For the RNoAF, this amounts to somewhere
Royal Norwegian Air Force have been studied. between 100 000 and 150 000 hours.

In order to evaluate and improve the human factor 3 MISHAP DATA
information contained in the written records of F-
16 mishaps, we have examined all information 3.1 Lost aircraft
available in the Royal Norwegian Air Force for a Until March 1992, the RNoAF has lost a total of
ten year period, 1981 to 1990. 13 F-16s. Of these, 12 were lost in flight related

mishaps, including I bird strike, 2 engine failure
2 F-16 OPERATIONS IN NORWAY and 9 human factor.

2.1 Environment Of the 9 aircraft lost in human factor related
Norway is a long and narrow country. The northern mishaps, 3 were mid-air collisions, 4 controlled
part is not much more than a coastline, behind flight into terrain, I G-induced loss of conscious-
which mountains rise to an altitude of ness and I other.
approximately 6000 feet. The fjords cut deep
inland. Of the 3 mishaps not related to human factors,

none were fatal.
Neighbouring countries are Sweden, Finland and
Russia. Of the 9 mishaps related to human factors, 6 were

fatal.
The climate is rough with cold winters and strong
winds. For most of the year, operations are 3.2 Comparative mishap data
frequently restricted due to fog, white-out The loss rate per 100 000 flight hours by the end of
conditions, powerful crosswinds and slippery 1991, amounts to 9,2 for Norway, 10,8 for the
runways. Weather conditions may change rapidly. European Air Forces (Belgium, the Netherlands,

Denmark and Norway), and 5,0 for the USAF.
Power lines represent a special hazard, even at high
altitudes. However, when passing 100 000 flight hours,

Norway had a loss rate of 11,5 , the same as the
2.2 Mission USAF, whereas the average for the European Air
The RNoAF (Royal Norwegian Air Force) operates Forces was 20.
the F-16 in air defence, and recently, also in the
anti-sea invasion role.

A
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4 METHOD Was there a probability for loss of
Investigation reports from RNoAF F-16 mishaps consciousness, medical or physiological?
for a ten year period, 1981 to 1990, have been May any reason for reduced visual
reviewed. performance be determined?

Initially, 33 reports were obtained. Of these, 13 Other typical human factor questions were:
were excluded because of lack of human factor
data. - How can the pilot's injury be explained?

- Why did the pilot lose his helmet?
The material thus consists of 20 reports; 6 front - Why did not the pilot try to eject?
investigation officers and 14 from full boards of
investigation. 5.3 What methods ("tools") were available?

The interview is, of course, central in human factor
Reports available include fatal and non-fatal, major investigation. Interviewed persons range from
and minor mishaps, as opposed to the figures of mishap pilot (if alive) to relatives, mates, unit
aircraft losses above, commanders, eye witnesses etc.

The human factor data in each report have been Other classical investigation methods include
evaluated. The following questions have been physical examination, blood and urine sampling and
asked: autopsy - when applicable.

- What were the human factor investigators Other sources of information are:
asked to look for?

- What methods ("tools") were available to - Taped communication
them? - Video tapes

- What was obtained from the investigation? - Reports on weather conditions
- What recommendations concerning human - Pilot manuals, check lists, maps and other

factors were made? published material
- Simulator set-up of the flown mission

5 RESULTS - Actual reflying of the mission
- Seat Data Recorder readout

5.1 Evaluation of results
This limited material does not permit a statistical 5.4 Answers given by investigators of human
analysis. factors
In the following, findings in the reports are No mishaps have been proven to be caused by pre-
presented and evaluated according to the experience existing disease, neither have alcohol, drugs nor
and personal views of the authors. self - medication been factors.

5.2 What were the human factor investigators Typical answers given by the investigators were:
asked to look for ?

Two kinds of questions come in this category: - Loss of Situational Awareness
Firstly, questions as to the cause of the accident. - Channelized attention
Secondly, other important human factor - Spatial disorientation
considerations. - "Got-it-done-itis"

- Overconfidence
The most common questions regarding human - Lack of continuation in flying
factor causes were: - Lack of sleep

Can any source of lack of concentration be Among these, the most frequent were: Lack of
detected? continuation in flying, got-it-done-itis and
Is there any evidence of pre-existing illness? channelized attention.
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5.5 Recommendations concerning human 6.3 The video tape
factors, regarding cause of mishap The video tape in the F-16 is too short to record a

Typical recommendations were: whole mission. Therefore, the camera is switched
- Better maps and briefing guides, better on and off to cover the more interesting parts of the

briefings mission. Unfortunately, the camera all too often
- More consistent enforcement of Rules Of has not been turned on at all, or has been turned

Engagement off just prior to the mishap. Therefore, potentially
- Better respect for Low Flying Regulations very valuable information is never recorded. From
- More effective anti-G systems, compulsory an investigation point of view, the camera system

centrifuge training, G-warm-up turns, more in the F-16 should be modified to permit recording
aeromedical education of an ordinary mission from start of the engine to

- Further stressing of the hazards of changes in shut-down.
normal procedures, when transiting to new
aircraft 6.4 The mechanism of error

- Change in regulations to cover rules for Human factor investigators search meticulously to
continuity in night flying document blood analyses, meal habits and sleep

patterns. Reconstruction and interpretati n- of more
5.6 Other human factor recommendations intricate mechanisms of error (for example, what
These refer almost exclusively to better life support makes a pilot choose his landing gear handle up
equipment and better training for its use. when what he should have done, was to give full

throttle) is often less satisfactory.
6 RECOMMENDATIONS FOR IMPROVED

HUMAN FACTOR INVESTIGATION 6.5 Sociopsychological considerations
Sociopsychological considerations are more often

6.1 The flight safety potential. than not, poorly documented in the reports. The
In the RNoAF, the question of whether mishap information provided by full boards of investigation
investigation is to be performed by an investigation including a flight surgeon, is only marginally better
officer, or by a full board of irnvestigation, is than that obtained by investigation officers. Better
essentially determined by the cost of damage repair. standardization in this area of documentation, is
The authors feel that the flight safety potential of highly desirable.
the mishap would be a better determinator.

6.6 The forgotten mechanic
6.2 Reconstruction Our interest in human factors and errors seems by
Reconstruction, that is, piece-to-piece definition to stop at the aircrew. Whenever a
reconstruction of the events leading up to the technician or other ground personnel exercises poor
mishap, always proves extremely valuable. Some of judgement or makes a faulty decision, we do not
the best tools are simulator set-up and actually perform a proper human factor investigation, just
reflying the mission. label any finding as "maintenance error" or similar.

Maybe this is a new area of interest for our human
factor concerns, both in mishap investigation and in
prevention.
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LES ACCIDENTS F-16 DE CATEGORIE A A LA FORCE AERIENNE BELGE

Dr R. Delhaye
Base Of fenberg
5620 Florennes

Belgique
et

Med Col P. Vandenbosch
V.S.M. - Force A6rienne Beige

Rruxelles, Relqique

SUMMARY La Force A6rienne Beige a connu 21 acci-
dents F-16 de cat~gorie A entre 1979,

The Belgian Air Farces are flying on F-16 annie de r~ception des premiers avions de
since 1979; a review of all the class A ce type, et fin 19il.
mishaps is realized. Ces accidents ant entraln~i is perte de 24
This global study point out a particular F-16; ils ont caus6 la mort de dix pilotes
human factor that could not be find in a et d~un m~canicien.
single analysis of each mishap.

TAUX D'ATTRITION
RESUME

Au 31 d~cembre 1991, lea F-16 beiges qui
La Force Adrienne Beige utilise le F-16 sont repartis en trois Wings ýi deux Esca-
depuis 1979; une revue globale de tous drilles chacun, avaient vol6 un total de
lea accidents de cat~gorie A a 6tL r~a- 165.000 heures.
lis6e. Le taux d'attrition qui exprime le nombre
Cette 6tude fait apparaltre un facteur d~avions d~truits par 10.000 heures de
humain particulier qui ne pouvait 6tre vol, permet certaines comparaisons.
mis en 6vidence par l'analyse isolde de
chacun des accidents.

BAFF- 16

INTRODUCTION RT/0~M YAL T11ORT

L'objet de cet expos6 eat de vous pr6sen-
ter une synth~se des accidents F-16 de
cat~gorie A aurvenus cý la Force A6rienne
Beige; je pense poaa~der une bonne con-3
naissance des dossiers, a'y'nt 6t6 con-2.
seliler m6dical du Service d'Enqur-te de 2

1975 ýk 1990. 2
Lea donn6es chiffr~es qui vont vous 6tre 1.5
communiqu6es constituent lea statiatiques
officielles de mon pays tandis que le I
commentaire qui lea accompagne comporte0.
des consid~rations qui ne repr6aentent
pas n6cessairement le point de vue offi- B
ciel de is Force Adrienne. 79 so 3 82 33 34 39 36 97 to 99 90 91

CATEGORIE A Ainsi le taux annuel d'attrition de is
Force A6rienne Beige a 6t sup~rieur ý 2

En Belgique, un accident eat cat~goris6 A de 1980 ýk 1983, sleat situ6 entre 1 et 2
quand l'avion eat perdu - qulil soit dL;- de 1984 a 1989 pour devenir inf~rieur ai
truit, disparu, inaccessible ou encore I en 1990 et 1991.

* irreparable 6conomiquement parlant - et/

ou bien quand une personne, membre
d'6quipage ou non, y trauve is mart. I9A11 V :ATT1IT:6I:::EN

BILAN GLOBAL DES PERTES VATP, /0.000 FH0SATRIOTRD

3.5

0 FATALITT 2.5

79 Be 111 32 23 14 as 34 37 of 35 90 9I

ILe taux cumulatif d'attrition qui, chaque
annie, int~gre lea r~sultats de tautes
lea ann~es pr~c~dentes, donne une courbe
de tendance: is courbe beige eat haut

79 3 9199 9 3493 9 6733 3 9031 ituee et, pour parler clairement, avec
un taux cumuistif de 1.4, la Belgique eat
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encore loin, fin 1991, des bons r~sultats
publi~s par d'autres pays utilisateurs du TIO

F-16. 11 faut cependant souligner que ce AIRCRAFT :a0A

type de comparaison doit 6tre pria avec :,AM

circonspection, les particu].arit6s des EOE

missions et les conditions dlenviron-
nement n'6tant pas superposabies d~un
pays ý lautre.

CAUSES DES ACCIDENTS

Les causes des accidents a~riens sont
clasaiquement divis~es en trois groupes:
- lea causes op~rationnelles o6i clest
essentiellement l'6quipage qui eat impli-
qu6 dana ia genise de 1'accident. 73 soII at SO ii 4 85 86 3y aR SR R0 61

- les causes techniques ob Pavion, sa
maintenance ou sea syst~mes sont priori- Avec ces pertes, surtout 6iev~es pendant
tairement 4 lorigine du sinistre. les toutes premi~res ann~es d'utiiisation
- et les autres causes, ce groupe r~unis- du F-16, le taux cumulatif d'attrition
sant lea accidents ois ni lea op~rations technique se situe actuellement au niveau
ni la technique ne sont concern~es de de 0.4 pertes d~avion par 10.000 heures de
mani~re primordiale. Vol.

I ~ ~ ~ ~ ~ ~ A F-F16ILG~TRTONRN

A 'A Lo.RATE /10.000 FlIES

II'58% '3%
21 M ISIA PS 11 FATALITIES

is so 111 32 83 34 as Is 87 as as to 31

240MOESIEDA IC

LES CAUSES OPERATIONNELLES

La r~partition des accidents F-16 de la L'attrition d~origine op~rationnelie a
Force Adrienne Beige, suivant ce sch~ma, 6t6, elle, importante de 1981 ýi 1989.
met en evidence que lea accidents de En effet la perte de quinze F-16 eat
cause opirationnelle repr~sentent une attribu~e ýi des causes op~rationnelies
grosse moiti6 des sinistres, qu~ils sont qui se repartissent comme suit:
ýk lorigine des deux tiers des pertes de - 04 pertes d~avions en relation avec ia
F-16 Ct qu'ils ont caus6 lea trois quarts mission op6rationnelle
des decis. - 05 avions perdus dana ce qu~il eat con-

venu d'appeler des vols contr8l~s jusque
LES CAUSES DIVERSES dans ie terrain

- et 06 avions d~truits suite .1 des col-
Voyons de plus pr~s lea trois groupes lisions en vol.
d'accidents, en commengant par lea acci- D46taillons un peu cela:
dents non apparent~s aux opirations ou ýk - lea 04 accidents en rapport direct avec
1'6tat de l~avion. le vol se subdivisent comme suit:
La Belgique en a connu deux: un arr~t moteur induit par le pilote, une
- Le premier eat une collision avec un 6jection sur d~sorientation spatiale, une
oiseau au decoliage: toutes lea nations panne moteur cons~cutive ýt un atterria-
sont bien conscientes de l1importance de sage trop brutal et une perte de contr~le
ls lutte contre le p~ril aviaire. du fait du pilote.
- Le second accident eat tres particulier: - Lea 05 vols contr6l~s jusque dana le
un m~canicien s'est empar46 d~un F-16 qui terrain se sont sold~s par le dic~s des
s-eat 6crasi peu apris le d~collaqe. cinq pilotes. Deux sont morts dana la

collision de leurs avions avec le aol au
cours d~une mime approche dans de mau-

LES CAUSES TECHNIQUES vaises conditions m~t6orologiques; lea
trois autres se sont 6cras6s suite ýk des

Lea accidents de cause technique, au nom- changements non intentionnels du vecteur
bre de sept, se r~partissent comme suit: de leur avion, cons~cutifs ýk ia perte du
- 04 pannes de moteur en 1980, 83, 86 et jugement correct de ia situation.
89. - quand aux 06 avions d~truita lora des
- 02 bria de commande des volets de bord collisions en Vol, quatre F-16 llont 6t6
d'attaque, ces accidents ayant ete6 dana deux collisions a~riennes en combat
mortels. simul6, l'une en 1982 et l~autre Cr, 1983,
- Ct 01 panne hydraulique de train un F-16 a i~t4 perdu bora d'une colligion
d'atterrissaqe. entre avions de deux formations diffe-



rentes et un autre suite ýk un manque de - Primo, le fait d~avoir 6t6 la premiere
discipline en vol. nation en Europe a utiliser le F-16 expli-

que, au moins par~iellement, les pertes
6lev~es des premieres ann6es, qulelle-

BAFF. 46soient op~rationnelles ou techniques.
Ainsi les deux collisions en combat simul6
trouvent-elles leur origine dana les
changements non pr6visibles de trajec-
toires rendus possibles par i1hypermania-
bilit6 des F-16 :ces performances 6taient
absolument nouvelles ýk l16poque.
De m~me clest en Belgique, en 1981, que le
bris d~une commande de volets a 6t6

1 constat6 pour is premi~re fois.
La perte de ces cinq avions explique le
taux i~lev6 d'attrition des premi~res
anni~es qui se r~percute 6videmment encore

79 as &1 82 as 88 85 86 87 88 8S 90 81 dans le taux cumulatif d'aujourd'hui.
-Secundo, apr~s avoir constat6 4 plu-

Avec un tel nombre d'accidents, le taux sieurs reprises que des facteurs humains
Climulatif des pertes op6rationnelles ne d'accidents pouvaient se trouver bien loin
peut qu,6tre 6lev6: il s'6tablit actuel- du pilote et de l~avion, la Force A6rienne
lement ýi 0.9 F-16 par 10.000 heures de Belge a r~ussi ý convaincre son personnel
Vol. que la s~curit6 adrienne 6tait vraifient

l'affaire de tous.
-Tertio, et clest le point essentiel, ii

IBAFION ne4tait pas 6vident au d~part d'identifier
une mentalit6 cosine cause commune h plu-

ItAT F 10 000 F11R ajeurs accidents, par ailleurs trba diff6-
rents.

____ ____ RECOMMANDATION

________De riLrospectif, ce type d'analyse doit
maintenant devenir prospectif. en consi-
derant lea accidents de cat6ý,,,rie B et C

- ~comme un barorn~tre de la situation; en
effet la diff~rence entre un accident mi-

55 --neur et un accident majeur r~side unique-
sent dana lea consequences, la cause pou-

0 vant en 6tre la mime.~8 ft r w w8 a, 0 w

CONCLUSION

En 1989, ce taux se situait ýk 1.2 et la
courbe avait pria une allure ascendante,
ce qui nitait plus arriv6 dep'iis 1983! SAFF-16

CIAA ATTRIF0NCAL5NS
Une analyse des dossiers a permia alors "79091
de mettre en 6vidence un probl~me parti-
culier, propre ý une seule Escadrille, ýt
savoir une s~rie d'accidents, entre 1985
et 1989, caract~ris6s par Ilintrication
de manquements en mati~re de respect des NOT OPSI LOG
r~gles ou instructions (r~action non id6- IT 2% % 17 ENW

* ~~ale du pilote, non respect des limitations 1% EGN

de vol', en mati~re de prudence (manoeu-17 12
vre dangereuse, non utilisation de tous 5
lea moyens disponibles pour assurer la FUGHTOPS YTI

s6curit6 en vol) et/ou en mati~re de SSE

supervision (mission dont la difficult6 *oIRn
excedait lea capacit~s d'un jeune pilote.
absence de prise en conaid~ration d'un
manque d~entrainement r~cent). En conclusion, il slav~re que bien peu
Des mesures ont it6 prises pour modifier d'accidents sont purement fortuits; c'eat
la mentalit46 au sein de cette unit6, avec dire que le hasard et la chance nont pas
succ~s reinble-t-il, puisque, q75ce aux de place en matiý!re de sicurit6 adrienne.
annees 1990 et 1991 sans aucun accident, Bien asir une aviation sans accident
la Force Adrienne Belge rejoint progres- n~existera jamais puisque le vol nlest
si eonent le taux cumulatif d'attrition pas sans risques, toutefois il convient
des autres pays europeens utilisateurs de n~accepter que lea risques justifi6s
du F-16. par l'accomplissement de la mission,

seule raison ,'Ctre d'une Force Adrienne.
COMMENTAIRES

Ce bilan, sans complaisance puisqu~il
porte Sur toutes lea pertes d'avion
durant toutes lea annees d'utilisation
du F-16, merite quelques cosmentaires:
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FRANCE

entre le lAcher des f reins au
RESUME d~collage et le d~gagement normal de

la piste A l'atterrissage, ayant
Le bilan des accidents a~riens entrain6 la destruction de l'a~ronef

dans l'Arm~e de l'Air Frangaise a et/ou la mort "un des membres de
port6 sur la p~riode 1977 - 1990. Au l'6quipage.
cours de cette p~riode, des avions de
combat de nouvelle g~n~ration ont Ce travail a &6 effectu6 sur la
&6 mis en service sans qu'il alt W p~riode 1977-1990. It compl?-te un
observ6 de variation importante du travail ant~rieur (OSSARD et
nombre d'accidents a~riens bien que MARTEL 1990) qui avait soulign6 la
le taux d'accident pour 10 000 predominance des accidents a~riens
heures de vol paraisse plus tlevO sur dans I'aviation de combat par rapport
les a~ronefs nouveaux. Le facteur aux autres categories op~rationnelles.
humain reste la cause principale des Au cours de la derni~re d~cennie ont
accidents a~riens dans la cat~gorie 60 mis en service des avions dits; de
combat mais semble 6tre momns TinGovelle g4ýn~ation" qui apportent
fr~quemment impliqu& avec les des procedures de pilotage diff~rentes
a~ronefs de nouvelle g~n~ration. La de celles des aaronefs ant~rieurs.
mortalit6 au cours des accidents de Grace A l'utilisation des calculateurs
combat tendrait A d~croitre de bord, c'est P66nergie des appareils
r~guii~rement depuis 1987. qui est pilot~e au cours de leurs

6volutions. De plus, les syst~mes de
visualisation en tate haute occupent
une place importante dans les tAches
de pilotage. En outre, l'utilisation de
commandeb de vol 6lectriques sur

L'amalioration de la stacuritt des Mirage 2000 a radicalement nodifia
vols rev~t un caractare particu- les conceptions classiques d~e pilotage.
liarement important en aaronautique.
L'Etat Major de I'Arm~e de l'Air 11 66talt donc particuli~rement
accorde iine impor* ince capitale aux important d'6valuer "influence de
enqua-tes sur les accidents aariens cette nouvelle g~nar-' -Iavions de
mnllltalres dans le but de daterminer combat sur les accidents a~riens.
leurs causes et de minimiser leur
fr~quence grace aux enseignements La mise en service de ces
tir& de ces enquates. a~ronefs nouveaux remonte A 1982

pour ie Mirage F1CR et le Mirage
1I faut entendre par accident 2000C et B, et 1986 pour le Mirage

a~rien, selon la dafinition de 2000N. It faut toutefois t3nir compte
I'Instructlon IV.25 de I'Arrnae de du fait qu'il sC-coule en ganaral deux
l'Air qui reprend celle de l'OACI, annaes entre la mise en service d'un
tout accident survenu en vol, appareil nouveau et le , Abut de son

utillsaw~n avec un volume d'activittA
op~raiionnel. De plus, ce volume



d'activitL6 augmente progressivement par cattegories op~rationnelles entre
sur une p~riode de trois ans avant les p~riodes ant~rieure et post~rieure
d'atteindre le niveau op~rationnel A 1982 (73 % d'accidents de combat
optimal. et 20 % d'accidents en Lscole de 1977

A 1981 contre 72 et 21 % dans ces
BILAN EPIDEMIOLOGIQUE DES categories respectives apr~s 1982).
ACCIDENTS AERIENS MILITAIRES
DE 1977 A 1990. Depuis 1982, 130 accidents

a~riens ont concern.6 la cat~gorie
Les principaux facteurs permet- combat dont 13 % pour les avions de

tant d'Lsvaluer le bilan 6pid~mio- nouvelle g~n~ration. Mais si P'on ne
logique des accidents a~riens sont considL~re que la p~riode d'activit6
leur fr~quence, leurs causes et leurs; op~rationnelle ayant d~but6 en 1985
cons~quences au niveau des pertes pour le Mirage F1CR et le Mirage
humaines. Nous aborderons globale- 2000 B/C et en 1988 pour le Mirage
ment chacun de ces trois aspects sur 2000N, 79 accidents a~riens ont &6e
la p~riode 1977-1990 puis nous recens~s dont 21 % pour les a~ronefs
distinguerons les p~riodes ant~rieure de nouvelle g~nC-ation. Durant cette
et post~rieure A l'ann~e 1982 au. p~riode, l'activit(? aerienne sur ces
cours de laquelle ont 6t mis en appareils repr~sentait 20 % de
service les premiers a~ronefs de 1'activitL& de 1'aviation de combat ce
nouvelle g~n~ration. qui montre un Pertain paral1~lisme

entre le volume d'activit~s et la
1. Fr~guence des accidents a~riens proportion d'accidents avec les avions

de nouvelle g~n~ration. Le Mirage
1.1. Fr~quence relative F1CR a 6t l'appareil le plus souvent

impliqu66 dans ces accidents. En effet,
De 1977 A 1990 1'Etat-Major de ii a 6tL impliqu~s dans 53 % des

I'Armt-e de 1'Air Fran4;aise a accidents d'a~ronefs de nouvelle
dtnombrt- 210 accidents a~riens pour g~n~ration pour une activit6
5 617 312 heures de vol. Cette op~rationnelle qui ne repr~sentait que
activitL& a~rienne se r~partissait entre 39 % de 1'activiti§ de ces appareils.
l'aviation de combat pour 36 %,
l'aviation d'L~cole (incluant la 1.2. Taux d'accident
Patroujille Acrobatique de France)
pour 32 % , le transport a~rien pour Pour 6valuer la fr~quence des
24 % et l'activit~s h~licopt~res pour accidents a~riens de mani~re
6 % , le reliquat (2 %) concernant comparative d'une ann~e sur 1'autre,
des activitt-s diverses telles que les leur nombre est rapport6 au volume
sports a~riens ct le vol A voile de I'activit6 a~rienne. Le taux
(Fig. 1.). Durant cette p~riode, la d'accident repr~sente le nombre
proportion d'accidents pour chaque d'accidents pour 10 000 heures de
catt-gorie op~rationnelle a Lst de Vol.
72 % pour l'avlation de combat, 20 %
pour l'aviation d'4§cole, 2 % pour le De 1977 A 1990, le taux annuel
transport a~rien militaire, 5 % pour d'accident (moyenne ± SE), toutes
I'activitL6 des h~1icopt~res et 1 % categories confondues, a fluctut sans
pour le reste de l'activit6. 11 existe tendance nette autour d'un taux de
donc, en preml~re analyse, une nette 0.37 ± 0.08 (Fig. 2.). Durant cette
prevalence des accidents dans la p~riode, les taux d'accident (moyenne
cat~gorle combat avec plus de 2/3 ± SE) sont les plus 6lev~s pour les
des accidents a~riens alors que categories combat (0.74 ± 0.20) et
l'activitu6 a~rienne correspondante 6cole (0.24 ± 0.13). Les taux
dt-passe l6gt&rement 1/3 de I'activitL6 d'accident de la cat~gorle combat
globale. sont nettement sup~rieurs au taux

g~n~raI alors que le ph~nom~ne
Ii n'exlste pas de diffiftence dans inverse est observ6 pour la catfgorie

la r~partition des accidents at-riens
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6cole, exception faite de I'annL~e ant~rieure et post~rieure A
1980. 1 introduction des appareils de

nouvelle g~n~ration. Toutefois, si V'on
11 Wes pas retrouvL& de variation ne retient que les accidents ayant

importante du taux moyen d'accident impliqu6 des appareils de nouvelle
dans la cat~gorie combat depuis la g~n~ration (Fig.6.), seulement 53 %
Inise en service des Mirage FiCR et des accidents ont 6t imputes au
2000 (0.76 ± 0.19 avant 1982 ; facteur humain, 6 % A une cause
0.72 ± 0.20 apr~s 1982). mixte (humaine et technique), 23 % A

une cause technique et 18 % A
L'6volution des taux d'accident i'environnement (collision aviaire et

pour chacun de ces a~ronefs a &6 foudrolement).
6tudii~e (Fig. 3.). Pour les abronefs
de nouvelle g~n~ration, A I' exception Le facteur humain pr~don me donc
du Mirage 2000B qul na W& impliqu~s largement en tant que cause
dans aucun accident jusqu' en 1990, principale mals 11 semble intervenir
ce taux est nul au cours des momns fr~quemment sur les akronefs
premi~res ann~es de leur mise en de combat, en particulier sur les
service puis se positive ensuite, la appareils de nouvelle g~n~ration.
latence 6tant de trois ans pour le
Mirage 2000C, 4 ans pour ie Mirage 11 faut noter que le facteur
2000N et 5 ans pour le Mirage FlCR. humain intervient 6galement en tant
If n'existe pas de variation homog~ne que facteur secondaire souvent
de ces taux d'accident depuis la mise aggravant dans les causes dites
en service des avions de combat de inixtes. 11 serait donc impliquC- dans
la nouvelle gbn~ration. 11 faut 68 % des accidents de 1977 A 1990 et
toutefois souligner le fait que les dans; 59 % des accidents sur ies
taux d' accidents des a~ronefs de la a~ronefs de nouvelle g~n~ration de
nouvelle g~n~ration sont tr~s 1982 A 1990. 11 est possible que le
sup~rieurs A ceux de la cat~gorie facteur humain alt 6galement W
combat consid&sre globalement depuis responsable d'accidents a~riens dont
1982. l'imputabilitL& n'a pu iftre d~terminke.

2. Causes des accidents a~riens L' importance dui facteur humain
dans le risque d'accident akrien a

2.1. Bilan general 6tL 6valut en fonction dui volume de
i'activitO optrationnelle. Le taux

De 1977 A 1990 1' imputabilitL& des d' accidents imputabies au. facteur
accidents a~rlens toutes catL~gorles humain, toutes catesgories op4§ra-
confondues; se r~partissait de facon tionnelles confondues, a fluctu6, de
suivante :facteur humain 63 %, cause 1977 A 1990, autour de 0.25 ± 0.09
mixte ofi le facteur humain prenalt accident pour 10 000 heures de vol.
part 6 %, cause technique 21 %, Depuis 1987, ces taux d'accidents
environnement 5 % et ind~terminke 116s au facteur humain semblent
dans 5 % des accidents (Fig. 4.). d~croltre r~guli~rement (Fig. 7). Les

taux d'accldents Imputables au
Sur cette pOrlode, 59 % des facteur humain dans la cat~gorie

accidents de combat sont dOs au combat fluctuent para~ll1ement aux
facteur hurnain contre 74 % pour la taux globaux toutes; cat~gorles
catt-gorle 6cole. La proportion confondues mais restent toutefols
d'accldents dOs au facteur hurnain nettement suporieurs (0.43 ± 0.15
dans la cat~gorie combat fluctue de accident pour 10 000 heures de vol).
fac~on importante d' une ann~e A

* lautre (Fig. 5.).

11 n 'existe pas de diffe~rence
sensible dans; la repartition des
causes d'accident entre les p~riodes
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2.2. Facteur huinain autour de 0.17 :t 0.07 accident mortel
pour 10 000 heures de vol (Figure 8).

En raison de la pr~pond~rance du Ces fluctuations sont retrouv~es clans
facteur humain clans les causes la catL~gorie combat (autour de
d'accident a~riens, 11 66tait important 0.31 ± 0.15 accident mortel pour
d'essayer de preciser la nature de ce 10 000 heures; de vol) et dans la
facteur. cat~gorie 66cole (autour de

0.14 ± 0.09 accident mortel pour
Lorsque le facteur humain a W 10 000 heures de vol). Le risque

impliqu~s, ii ne s'agissait jamais d'une d'accident mortel reste donc plus
cause pathologique. Parm! les causes important dans la cat~gorie combat
physiologiques, i1 n'a pas 6t malgr6 une nette tendance A la
retrouv6 de pertes; de connaissance d~crolssance depuis 1987.
li(!es aux acc(AC-rations avec les
avions de nouvelle generation. Un DISCUSSION
seul cas, sur Mirage 2000 6voque un
facteur de charge de 5.6 +Gz sans La predomninance des accidents
qu 'ii alt 6tt possible de savoir si le a~riens clans l'aviation de combat est
pilote avait perdu connaissance. Le cohn~rente compte-tenu de l'aspect
facteur humain le plus souvent complexe des missions se daroulant
6voquA& est la di~sorientation spatiale. clans des conditions environnementales
11 faut toutefois noter que cette d~licates. Depuis la mise en service
d~nominat ion avanc~e clans certamns des avions de nouvelle generation
dossiers d'enqul~te semble Lstre clans l'Arm~e de l'Air Francaise. bien
utilist-e pour caract~sriser des que le taux d'accidents dans la
situations qul dapassent le cadre de cat~gorie combat ait peu vari~s, les
m~canisrnes physiologiques purement taux d'accidents des Mirage FICR et
sensoriels. En effet, clans ces; cas, 2000 a 6t plus important ce qui
intervient une mauvaise interpretation sugg~re que le risque d' accidents est
de 1' evolution de I appareil. plus 61evt- sur ces appareils que sur

ceux de Ia generation ant~rieure.
3. Pertes humaines

En fait, ce risque est dif ficile A
De 1977 A 1990, la proportion 6valuer pour deux raisons essentielles.

d'accidents a~riens mortels est de D'une part, il n'y a pas eu de
46 % , dont 30 % en combat et 12 % transition nette dans 1'utilisation de
en 6cole. La cornparaison des p~riodes ces deux types d'appareils ce qui
1977-1981 et 1982-1990 montre qu'iI biaise toute comparaison globale ou
n existe pas de difference sensible de pour la cat~gorie combat clans; son
la proportion d'accidents mortels lnt~gralit&. D'autre part, les capa-
depuis 1'introduction d'avions de citess op~rationnelles des appareils;
nouvelle g~n~ration aussi bien nouveaux ne sont certainement pas
globalement que par categories. utilis~es; d'embl~e A leur niveau
Depuis l'introduction des avions; de maximal. Par cons~quent, l't-valuation
nouvelle g~n~ratlon, 38 accidents du risque d'accldents avec les
a~riens mortels ont ftt recens~s clans a~ronefs de nouvelle g~n~ration au
l'avlation de combat dont 4 sur les cours des premieres ann(!es de leur
avions de nouvelle g~n~ration (2 sur mise en service nWest peut-6tre pas
Mirage FLCR et 2 sur Mirage 2000). representative du risque d'accident A
La proportion d'accidents mortels sur long terme.
ces a~ronefs de nouvelle g~n~ration
(10.5 % des accidents de combat) est Le facteur humain est le plus
I6g~rement InfL~rieure au volume de souvent impliqu& clans le d~terminisme
leur activit6 op~rationnelle (13.2 % des accidents. 11 est plus
de I'activitL& de combat). fr~quemment mis en cause clans les

accidents en 6cole pour lesquels 11
Les taux d'accldents mortels ont joue 'in r6le pr~pond~rant clans les

fluctut-, toutes categories; confondues, processus d'apprentlssage. 11 joue 'in
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*r~le important dans les accidents de 1'introduction des appareils de
combat mais parait 6tre 16g~rement nouvelle g~n~ration. Ces appareils
mons; impliqu~s dans les accidents n'engendrent donc pas une
d'appareils de nouvelle g~n~ration augmentation de la gravitt- des
malgr6 un niveau de charge de accidents a~riens.
travail accru sur ce type d'appareil.

Les causes humaines d'accidents CONCLUSIONS
Wont jamais W- Mies A des processus

pathologiques ce qui souligne la De 1977 A 1990, malgr6 la mise
qualitb de la selection et du suivi en service d'avions de nouivelle
medical des pilotes dans 'le cadre du g~n~ration ii ne semble pas exister
contr~le des aptitudes. Des causes de variation perceptible de la
purement physiologiques telles que les fr~quence des accidents a~riens; dans
pertes de connaissance induites par l'aviation de combat de I'Arm~se de
les acc~l~rations +Gz nWont pas 6t l'Air Frangaise bien que les taux
mises en 6vidence dans les accidents d'accidents solent plus Lblev~s avec

*a~riens bien que le risque existe les avions de nouvelle g~n~ration. Le
cornme tendrait A le damontrer une facteur humain reste la cause
enqu~te anonyrne r~alis~e en 1990 par principale des accidents au cours
le Bureau de S~curitL6 des Vols de desquels la d~sorientation du pilote
l'Etat Major de I'Arm~e de l'Air. Ii est le phanom~ne psychophysiologique
faut plut~t s'orienter vers des causes le plus frequent sur ces a~ronefs. Les
psychophysiologiques dont la pertes humaines au cours des
principale, avancee dans les enquC-tes accidents ayant ixnpliqu6 les a~ronefs
d'accident, est la d~sorientation de nouvelle g~n~ration ont k6
spatiale. Cette cause est fr~quente sensiblement reduites depuis 1987.
dans les statistiques des forces
a~riennes 6trang~res utilisant des
avions de nouvelle ged~ration. Les Les auteurs remnercient le Bureau de sdeurit6 des yols de I'Etat
travaux d'ALBERY et Van Major de l'Armee de I'Air qui a autoris6 La publication des
PATTEN 1990, MONTGOMERY et statistiques de P*Armde de ['Air sur lea accidents afriens ainsi
coil. 1990 et WANSTALL 1990 mon- que le Bureau Sdcurist des Vols du Centre d'Etdes et de
trent que la dasorientation spatiale Recherchse de Mbdecine Adeospatiale pour ass conseils ak propos

*est A 1'origine d' une proportion de la ridaction dui present travail.

importante d'accidents a~riens dans
l'U.S. Air Force. Dans la majorit46 REFERENCES
des cas, 11 s'agit d'accidents dits de
type 1, c'est A dire avec une absence Albery W.B., Van Patten R.E.
de perception par le pilote de sa Current status of an artificial
d~sorientation spatiale (TRUMBO et intelligence-based loss of cons-
MONTGOMERY 1990). En fait, 11 clousness monitoring system for
semble que le concept de d~so- advanced fighter aircraft. AGARD-CP-
rientation spatiale au sens strict ne 490, 1990: 3.1-3.8.
repr~sente qu' une fraction des
processus mis en jeu dans ce type Feron, Leroy.
d'accident. Dans ce type d'accldent, Pertes de connaissance dues au
ii faut plut~t consid~rer la facteur de charge. B.S.V., 1990,
d~sorientation du pilote sur le plan 4: 12-16.
spatio-temporel et sur le plan

*tactique (MENU et Menu J.P., Amalberti R.
AMALBERTI 1990). Les determinants de I'appr~ciation de

Le prts umlns onedties la situation tactique et le
Les erts hmaies; onscutves d~veloppement de syst~mes d'aides

aux accidents a~riens dans I'Arm~e ergonomiques. AGARD-CP-478, 1990:
de l'Air Francalse se sont maintenues; OV.F.1-OV.F.7.
A un niveau stable dans l'avlatlon de
combat sans variation notable depuls
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Fig. 1. Proportion de l'activitd ahrienne et du nombre d'accidents
dans i'Arm&e de l'Air Frangaise de 1977 h 1990.
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Fig. 2. Distribution du taux d'accidents akriens de 1977 k 1990 dans I'Arm~e de I'Air Franqaise.
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Fig. 4. Imputabilitd des accidents adriens dans I'Arm6e de lAir Franqaise de 1977 & 1990.
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Environnement

5%

Indetermind

5%

Facteur
humain 63%

Fig. 5. Evolution de la proportion relative d'accidents dfis au facteur humain pour les categories
"combat" et "6cole" de 1977 A 1990.
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Fig. 6. Proportion d'accidents akriens imputabies au facteur humain seul ou associi k d'autres causes
dans I'Arme de 'Air Franose.
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Fig. 7. Evolution du taux d'accidents a~riens imputables au facteur humain toutes
categories confondues et dans la cattgorie "combat" de 1977 A 1990.

1.00-

0 Combat

Global

.-,

S0.60

> 0.20

0.00 - 19-3 -

1977 1973 1979 1980 1961 1962 1963 194 195 1986 1967 1938 1969 1990



25- 1)

Fig. 8. Evolution du taux d'acddents mortels toutes catigories confondues et pour les catigories

0.60 T "combat" et "Ecole" de 1977 & 1990.
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SUMMARY operations, its pilots must be able to train
The authors reviewed the files of 114 combat and intensively in a realistic environment. Such
training aircraft class A mishaps in the Belgian training implies a permanent accident risk, and it
Air Force during the period from 1970-1990 with remains a continuous challenge to find the proper
the cooperation of the office of the "Belgian balance between flying operationally and
Accident Investigation Board". flying safely. Bearing this in mind, one of the
They searched for the causes of these accidents highest priorities of Chief of Air Staff is to
i.e. Operational related, Logistics related and reduce aircraft losses as much as possible, and
environmental factors, as well as contributory this for several reasons:
factors which played a role in these mishaps. - Firstly, all too often, we have to deplore the
While considering the causes of these accidents, loss of lives of highly trained and qualified
they found that 71 % were operational relatad, 22% young men.
logistics related and 7% were caused by environ- - Secondly, the loss and replacement of valuable
mental factors, such as birdstrike, foreign object hardware in a period of spiraling costs and
damage (FOD) to the engine and unknown. From the budgetary restrictions is hard to accept both
23 training aircraft lost, only one single air- for military and civilian authorities
craft crash was caused by a technical failure. - Finally, training over a densily populated area
The overall attrition rate for the period was and in a crowded airspace like Western-Europe,
1.08/10.000 Aircraft Hours (A/C) hours, being inevitably implies the risk of loss of civilian
1.43/10.000 for combat A/C and 0.55/10.000 for lives and substantial damage to civilian
training A/C. The introduction of the agile F-16 property. This in turn - especially in a period
fighter in the early 80, coinciding with a serious of general ddtente - may lead to flying
decrease of the annual flying time and an restrictions being imposed by the highest
undermanning in terms of experienced pilots in the civilian authorities, thus seriously limiting
squadrons was most probably responsable for the future training possibilities.
negative trend in the evolution of the annual
attrition rate until 1989. THE ACCIDENT INVESTIGATION BOARD (AIB)
Although the Belgian Air Force remained two years - Flight safety begins with a thorough
without a major accident, it must resolutely investigation of each aircraft accident to find
continue its effort in the field of accident the cause of the mishap. To carry out this task,
prevention. By extending the time spent by air- the Belgian Air Force has created a permanent
crews in an operational squadron, supervised by aircraft Accident Investigation Board (AIB) which
experienced pilots, the Belgian Air Force should is composed of different specialists in the field
be able to reduce class A mishaps in the future, of aviation. It consists of pilots, technicians

(engine, instruments, electronics, safety equipment
etc) and a flight surgeon. This team reports

INTRODUCTION directly to the Chief of Air Staff and can, during
- In the first 1991 issue of the Belgian Air Force the investigation, call on the expertise of highly
flight safety magazine the Chief of Air Staff specialized military or industrial laboratories.
congratulated all Air Force personnel for the fact During the whole investigation the Chief of Air
that 1990 had been the first year in Belgian Staff is continuously kept informed, which makes it
military aviation history without a single class possible to order intermediate preventive actions.
"A" mishap. This was in sharp contrast with the In its final report, the AIB tries to identify the
actions which had to be taken a few years earlier, primary cause of the mishaps and considers all
At that time and after a dramatic series of air- factors which contributed to the accident. In
craft accidents, the Chief of Air Staff had to addition, and in order to prevent further similar
order, amongst other measures; mishaps, the AIB makes a number of recommendations

- special regulations for flights abroad, to the Chief of Air Staff.
- important changes in the comnmand and control - Over the last years, the causes of aircraft

procedures, accidents have been generally divided into the
- and a semestrial safety reflection day in all following categories: Logistics-related,

squadrons and at all command levels, Operational-related and Environmental-related. This
in order to encourage actions and initiatives categorization is adequate, as it not only allows
to stop entirely or, at least, reduce us to present detailed diagrams, but it also
significantly this very high accident rate. offers the possibility to compare the statistics of

Since then, on 20 Dec 1991, the Belgian Air Force different Air Forces and different aircraft types.
celebrated its second "class A mishap free" Nevertheless, it is generally accepted that an

* anniversary, aircraft mishap is very seldom the result of one
- To maintain the Air Force's professional single deficiency. It is usually a combination of
capability at the highest possible level as an many factors: technical, human, environmental; as
important tool in defensive and offensive air well as other contributory factors.

2.
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If the result of the investigation confirms that a METHODS.

technical failure was the cause of the accident, it - At the office of AIB of the Belgian Air Force, we

is obvious that the appropriate step to prevent examined 114 class A mishap files of combat and

further similar problems is a corrective technical training aircraft, covering the period from 1970-

action which for example could be the introduction 1990. Transport aircraft and rotary wings aircraft

of a modification. As an illustration, in the early were excluded from this study.

years of the F-16 we lost an aircraft in unexplain- - During this timeframe covering the study, the

able circumstances. The accident happened during a following aircraft were in the inventory of the

low-level interception mission. The mishap aircraft Belgian Air Force.

impacted with the ground in a 50" bank and nose 1. TRAINING AIRCRAFT.

down attitude without any attempt to eject from the - SV-4 : A Belgian made piston engine biplane for

pilot. The accident investigation team found initial training till 1970

sufficient evidence in the wreckage to prove that - SIAI MARCHETTI SF-260: An Italian built piston

the crash was caused by a sudden asymmetry of the engine aircraft, used for initial training

leading edge flaps, destabilizing the aircraft in from 1970 to the present.

such a severe way, that the pilot did not have - FOUGA MAGISTER CM 170: A French twin engine jet

sufficient time to regain control. As a result of for advanced training, used for this purpose

the investigation report, an asymmetry brake system from 1960 till 1979. At this moment the

device was retrofitted on all F-16 aircraft, thus aircraft is still in service for continuity

considerably reducing the risk of similar training of pilots with a desk job.

accidents. Regrettably, due to engineering and - T___: The US built T- bird, a single engine jet,

delivery problems, six years later not all F-16 was used for operational training till 1977.
A/B models had been modified. At that time an F-16 - ALFA-JET:A franco-german twin engine advanced jet

instructor pilot was confronted with an asymmetric which replaced the Fouga Magister and the T 33
LEF problem during night flight. A controllability for advanced and operational training.

check showed that, although heavy stick forces were
needed, the crippled aircraft could be kept under 2. COMBAT AIRCRAFT.

control at a speed above 180 kta. The experienced - F/RF - 84: The "Thunderstreak" and

F-16 pilot, aware of a successful recovery of a "Thunderflash", both US build single engine

USAF F-16 in a similar emergency situation, fighter bomber and tactical Recce aircraft,
decided, with the help of an equally experienced both out of service in 1971.

wingman, and following the instructions of the - F-104 G : The US build single engine

Flight Manual, to land at his home base. Shortly "Starfigther", used as interceptor and as

before the touch down point, when the speed fighter bomber attack/strike from 1963 till

decreased below 180 kts with the AOA increasing 1983.

above 10%, the aircraft departed in an - MIRAGE 5 B :A French Dassault single engine

uncontrollable rolling nose high manoeuvre. The aircraft used in the fighter bomber attack and

pilot ejected, unfortunately outside the envelope recce role from 1970 till the present.

of the ACES II ejection seat. Although the primary - F-16 A/B: The "Fighting Falcon" of General

cause of this accident was obviously technical, the Dynamic came into the inventory of the Belgian

human factor undoubtedly played an important role Air Force in 1979 initially in the fighter/

in the fatal outcome of this mishap. Indeed, being interceptor role and later on, in the fighter

an experienced instructor pilot, the pilot's bomber attack/strike role.

personal pride led him to attempt a landing with
his disabled aircraft. Unfortunately, he highly - We searched for the causes of these accidents

underestimated the difficulty of such a manoeuvre, i.e. Operational related, Logistic related,

especially during night flying. After this Environmental factors and unknown causes. We also

accident, several pilots retried this emergency on investigated on contributory factors which played

a flight simulator which had been programmed an important role in the cause of these mishaps

accordingly. All of them experienced enormous e.g. supervision, leadership, violations of

difficulties in trying to land the aircraft in regulations, lack of continuity training,
similar circumstances, psychological factors, physiological stress and

In its comment on this mishap, the Accident pathophysiological condition of the pilot. We

Investigation Board advised: " We have serious checked also the flying status of the mishap pilot

doubts about the feasibility and the chances for i.e. squadron pilot, intructor pilot, visitor pilot

succes of the procedure mentioned in the Dash One. or trainee. We studied the numerous ejections

The smallest error can be catastrophic and the which occured during these mishaps and registered

pilot's chances for survival are very low. Also the the succes rate e.g. pilot uninjured, slightly,

final outcome is heavily dependant upon various severely or fatally injured.

factors. i.e. experience on F-16, day or night,
crosswind, turbulence etc". RESULTS:

- 114 aircraft were destroyed during this period;

The above example illustrates the efficiency of the 91 of them were combat aircraft, 23 training

AIB in different fields; aircraft. Also 2 civilian an 1 French bomber were

- after the first accident a technical modification lost in midair collisions involving our planes,

was recommended, modification which unfortunately adding 5 fatalities. In a number of cases, the

had not been applied at the time the second ground impact caused extensive damage to civilian

accident occured, properties and 20 civilians lost their lives during

- after the second accident, in addition to the these accidents.

previously recommended technical modification, a - A total of 134 pilots and 1 passenger were

change in the procedures was suggested. involved in these crashes and 62 (46%) of them were

Besides the above examples, a further indication of killed. Two other pilots were declared permanently

the efficiency of the AIB is the fact that it is unfit even for a limited flying, after suffering

very seldom that the cause of the accident cannot major physical injuries

be found. A point which will be illustrated in - 64 pilots were able to eject from their disabled

detail in the following paragraphs. aircraft. Due to ejections out of the seat envelope
(8) or malfunctioning in the ejection sequence
system (2) 10 of them were fatally injured, 25 were
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unhurt; 29 sustained light (8) or severe (21) - Contributory factors frequently intervened in the
injuries. The injuries suffered by these pilots cause of these accidents and very .often more than
were substantially light to moderate compression one factor contributed to the mishap. We
fractures of the lower thoracic and upper lumbal discovered, in order of importance, the following
vertebrae (15) and to a lesser degree, fractures contributory factors:
ofthe lower (4) and upper extremities (1) and burns
(1). After recovery from their injuries, which took
an average time of 4 to 5 months, 15. of the 21 MIR 5 F1O4 F16 F84 TOT
injured pilots were able to regain their previous
flying status, while 6 of them were subject to Impr.emerg. 12 4 2 - 18
medical restrictions (i.e. rtemporarily or techniques
permanently unfit for aircraft with ejection seat) Inexperience 8 3 4 2 17
- While considering the causes of these 114 class A Violations of
mishaps, we found that 81 (71%) were operational regulations 6 2 8 - 16
related, 25 (22 %) logistics related, 6 (5,3%) were Supervision 4 2 3 - 9
caused by environmental factors such as a bird Psychological 5 2 2 - 9
strike or an unidentified foreign object damage Leadership 7 - 2 - 9
(FOD ) to the engine, and the remaining 2 were Continuity
classified as unknown . It should be emphasized training - 2 1 - 3
that our conclusion do not always reflect the ATC procedures 1 - 1 - 3
unanimous opinion of the AID. Indeed, when the Pathophysiol. 2 1 - 3
investigation reveals that a technical problem Physiological
cannot be totally ruled out, the Commission must accelerations - 2 - 2
report an " Unknown cause" For 5 mishaps, there was
a strong indication toward spatial disorientation. 2. TRAINING AIRCRAFT:
Although failure of the main attitude indicator - Investigating the causes of these mishaps, we
could not been excluded, these mishaps have been discovered that from the 23 planes lost, not one
categorized as operational-related rather than single aircraft crashed due to technical problems,
unknown. The overall attrition rate per 10.000 22 were operational-related and one was lost after
Aircraft flying hours could be computed as being a bird strike.
1.08 per 10.000 aircraft hours.
- Because, there is a great difference in
operations between Combat aircraft and Training OPERATIONAL RELATED
aircraft, we had to expect a great difference in
causal factors and attrition rates between these LOC CWG TO/LAND FUEL MID ATC
aircraft categories. Therefore, we have divided AIR PROC.
this chapter in 2 parts: Combat aircraft and
Training aircraft. 10 CM 170 6 1 3 - - -

7 SF 260 2 2 1 2 - -
1. COMBAT AIRCRAFTS: 3 T-33 1 1 - - 1 -

From 1970 till 1990, we lost 91 combat aircraft; 41 2 ALPHA JET 1 - - - - I
Mirage 5 B, 23 F-104G, 24 F-16 A/B and 3 F 84-F.
These aircraft accumulated 636,000 flying hours, 22 Training
resulting in an overall attrition rate of 1.43 / aircraft 10 4 4 2 1 1
10,000 flying hours.

- 59 ( 65 %) mishaps were operational-related PILOT CATEGORY

Midair collisions: 15 STUDENT I.P. VISITOR
Spatial disorientation (SDO): 12
Collision with the ground/obstacle(CWG) : 11 10 CM 170 3 1 6
Loss of control (LOC): 9 7 SF 260 1 5 1
Take off / Landing: 6 3 T-33 1 1 1
Approach in IMC: 2 2 ALPHA-JET 1 1 -

Fuel management: 2
Ricochet : 1 22 Training A/C 6 8 8
Engine management (stall): I

As contributory factors to these training aircraft
- 25 ( 27,5 %) A/C mishaps showed to have a accidents we noticed
logistic factor as primary cause.

CM ALPHA T 33 SF TOT
170 JET 260

Engine : 16
Landing gear : 3
Flight controls : 3 Inexperience 8 1 2 3 14
Fuel system : 2 Violations of
Electrical : 1 regulations 6 1 1 1 9

Continuity training 5 1 1 - 7
Supervision 4 1 - 1 6

- 5 other aircraft crashed after a bird strike or Psychological 4 - 1 - 5
FOD ingestion to the engine. Improper emerg techn.l - 1 2
Looking at the 2 remaining mishaps; one was Intoxication 1 - - 1
categorized as unknown, while the second one was ATC procedures - 1 - - 1

* caused by an unauthorized flight of a technician!

,,L,, m i m m m m m m
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ANALYSIS It has to be noted btwever that in the beginning
only experienced pilots (1.500 hra total flying

1. COMBAT AIRCRAFT. time: went to the F104 Squadrons. With the
- Analyzing the evolution of the attrition rate of introduction of Mirage 5 and F-16, and due to the
combat aircraft we notice a negative trend over the lack of a "maturation" aircraft, pilots flew those
last 12 years, until 1989. Starting with an average performant combat aircraft after a total of less
of 1.27/10.000 Hrs over the first 9 years covering than 400 hrs on training aircraft
320,000 flying hours,the attrition rate increased - For the Mirage 5, improper emergency technique as
to 1.60/10,OuO Hrs for the last 12 years covering a contribuýory factor was very often mentioned.
310,000 hours. The turning point of this graphic is This could have been due to t

1
"e non availability

situated in the period 1979-1982, coinciding with of a flight simulator in Belgium. Young Mirage
a dramatic decrease of the annual flying time per pilot train their conversion course on a fligh.
pilot from 200 Hrs to an historical low of 120, and simulator in France. When flying at 7ow level, if
later climbing again to the present-day 170 hours experiencing a serious engine problem, the pilot
per year. At the same time we saw the introduction is not allowed to make the smallest mistake.
of the new highly maneuverable F-16 Fighting Falcon Indeed, he has to be able to analyse the engine
and it was the Belgian Air Force which assigned the problem in very short timeframe, followed by an
first operational West European F-16 air defence appropiate action, corzidering ejection, often over
squadron to NATO. a densily populated asea, with a 0-90 ballistic
- Air combat manoeuvering with an F-16 was for the ejection seat. This seat has been recently replaced
fighter pilots a great joy, but the tactics with by a 0-0 rocket seat.
the agile fighter had to be totally reviewed. - Finally, we noticed that we didn't have any docu-
Thanks to a turn radius which was 3 times tighter mented case of an F-16 misblp due to +Gz induced
than before, the former F-104 pilot saw his combat loss of consciousness, although in 2 mishaps, +Gz
airspace reduced 27 fold. It took him some time to forces could have contributed to the loss of an
realise that, due to the important improvement in aircraft.
manoeuverability, it was no longer a simple matter
of remembering a mentally plotted position of the 2. TRAINING AIRCRAFTS.
"enemy" in space after an evasive manoeuvre. The - We were amazed to notice the high fatality rate
dynamic situation of the air combat environment in training aircraft mib:iaps. Indeed, 21 of the 35
changed so quickly, that the pilot had to antici- pilots involved were killed during these crashe .
pale the "enemy" to show up at unexpected places, At the first sight, we believed that this was iue
which forced him to the highest degree of mental to the fact that the majority of these planes were
alertness. Two midair collisions resulting in 4 not equiped with an ejection seat. However further
aircraft losses, were the price we had to pay to analysis of these accidents confirmed that very
learn this lesson. few pilots could have been saved as such, because
- Another element which could have played an impor- almost all fatal accidents occured after loss of
tant role in this high attrition rate ,is the fact control at low level, out of envelope of any ejec-
that due to the -all of civilian airlines for tion seat.
military pilots the squadrons became significantly - It is also quite remarkable that ouly 12 of the
undermanned in terms of experienced pilots during 23 aircraft were destroyed in relation with the
this period. In a flying squadron this has two training program. The other were lost by IP (3) or
important consequences. Firstly a greater part of by visitor pilots (?). Although only an estimated
the working day must be spent on non flying duties. 20 % of the total aircraft flying hours are
Secondly the most complex missions must be executed consumed by these 2 categories of pilots, they were
by a small number of experienced pilots, thereby involved in almost 50% of all Training aircraft
reducing their availability to monitor the progress mishaps. The visitor pilot is a pilot with a
of junior squadron pilots.Consequently the Junior temporarily deskjob and the Air Staff gives him
pilot's progression in operational flying will be the opportunity to maintain flying currency with a
disturbed, which in turn can lead to a decreasing limited flyIng program. These pilots fly between 40
motivation and become hazardous for flight safety, and 60 flying hours a year, of wich a certain
- We also would like to comment on the important amount in the back seat.
number of accidents due to spatial disorientation - During 5 years, the Fouga Magister were dispersed
(SDO). SDO is characterisee by the high fatality at 5 different airfields with insufficient super-
rate. Indeed , if the pilot ib unaware of the real vision of the flying activities of these visitor
attitude of his aircraft and if he does not know pilots. This sit ation resulted in a series of
what is going on, he can impossibly take any fatal crashes. The AIB mentioned in almost all
corrective action. Whith regard to the SDO problem, cases the following contributory factors in these
we welcome the articles in a Dutch Flight Safety mishaps: lack of supervision, lack of continuity
magazine, where we could find the personal impres- training, and thus poor preparation, violation of
sions of the pi'ots who had experienced SDO during regulations and non familiarity with typical
their missions aircraft flight characteristics.
- Comparing the 3 main aircraft, operating during - In ,rder to stop these disarters, the Air Staff
these 21 years, we notice that the F-104 had the took the wise decision to withdraw the Fouga
lowest attrition rate (1.18) during the period 70 - Magister from the 5 air baser and to centralize
83, although its overall rate was 1.33 for its them in a newly created squadron for visitor
total life time in the Belgian Air Force (1963- pilots, supervised by a small, but permanent staff
1983). This was lower than the Mirage (1.55) and of highly experienced IP on this type. By taking
the F-16 (1.65). The nickname "Widowmaker" which this measure, the Air Staff could influence the
this aircraft earned during its service in the Human Factor in such a way that during more than 4
West-European Air Forces was most probably due to years not one single mishap has happened to a Fouga
its higher fatality rate (0.8/10.000 hours) due to Magister .
less ejections and due to the high accident rate in - In another study of about 100 class A and B mis-
the German Air Force in the initial stage. On the iaps in the Belgian Air Force, we found a positive
other hand, we should emphazise that we only lost 4 correlation between even a short break in training
of the 23 aircraft for technical reasons, while continuity and the occurence of an accident. It
this factor was responsible for more then 30% of could be demonstrated that 20% of all mishaps took
the Mirage and F-16 mishaps. place after a flying interruption of one week,
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altho-gh these flights represent only 5 % of the
total of the missions flown.

CONCLUSION
- Although the Belgian Air Force remained two
years without an accident, it must resolutely
continue its efforts in t'e field of accident
pievention. Flight safety must be a continuous
concern of all personnel serving in the Air Force.
The airman who picks up a foreign object on the
taxi-track, the crew chief with a carefully
performed pre and post .light inspection, the
highly skilled maintenance personnel, which is
responsible for repair and control of complicated
hardware and software, the air traffic controller
who must guide and talk-down his aircraft with
great precision in difficult weather conditions,
the alertness of the fire brigade and the flight
surgeon, who by his knowledge of aerospace medicine
and his interest in flying activities has become a
trusted ally of his pilots, all have their part to
play.
A lower defence budget together with a new NATO
strategy which aims to lower the readiness state of
our operational squadrons, are both forcing the
Belgian Air Staff to substitute fully combat ready
squadron pilots by an important number of
Operational Reserve pilots (OR). These OR pilots
are ex-squadron pilots with a temporarily Staff
fun. tion. Fxzh week they have a dedicated flying
day in their assigned squadron, so that thy can
continue to fly about 60 to 80 hours a year on
combat aircraft, and this for a maximum of three to
five years. Specific measures have been taken by
the Air Staff to give these pilots an adapted
training program, and to avoid flight safety
hazards. The Air Staff is well aware of the dangers
linked to the OR status. An intensive flight safety
policy ;hould however reduce the risks of those
"economically induced" hazards.
- The squadron pilot must be able to fully
concentrate on his flying activities, and to
reduce as much as possible the work load and the
troubles very often created by staff work and by
attending external courses. He should further fly
in a well manned squadron where the young pilot is
surrounded by experienced pilots, with whom he can
train and discuss his problems. At least, we should
plead to keep the pilots in the squadrons for a
longer time. We often notice that young pilots are
already leaving the squadrons after 4-5 years
which represents, at the rate of the annual flying
time of 170 hours a year, only 750 to 800 hours of
experience on combat aircraft. These pilots have to
be very good to assume the function as CO of a
squadron after an assignment of 3 years in the Air
Staff, with the consequent reduction in expe-fence
at the front line.
- Over the last 21 years, the Belgian Air Force
lost 114 Aircraft and 62 pilots during peace time
operations. We payed a very high price, to provide
NATO with an operational Air Force . The statement:
"The pilot is the only soldier of the Armed Forces,
who permanently risks his life in peace time" is a
hard reality.

. ..
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ATTRITION / FATALITY RATE

COMBATA/C A/C TYPE N MISHAP FLYING ATTRITION FAT FAT
A/IC HOURS RATE RATE

F-16 A/B 24 145179 1,65 11 0,76
MIR 5 B 41 263836 1,55 16 0,60
F 104-G 23 194696 1,18 13 0,66
F-84 F 3 30908 0,97 1 0,32
TOTAL 91 634619 1,43 41 0, 64

TRAINING A/C A/C TYPE N MISHAP FLYING ATTRITION FAT FAT
A/C HOURS RATE RATE

CM-170 11 120718 0,91 8 0,66
SF-260/SV-4 7 189937 0,37 7 0,37
ALPHA-JET 2 67335 0,30 3 0,44

T-33 3 41012 0,73 3 0,73
TOTAL 23 419002 0,55 21 0,50

OVERALL 114 1053621 1,08 62 0,59

Al

OVERALL MISHAP FACTORS COMBAT / TRAINING A/C N = 114

5.26% 1.75%

21.93%

* LOG

81 U ENV

DI OTHERS

71.05%
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MISHAP COMBAT AIRCRAFT
MIR58 N=41 F-16A/B N 24 F-104-G N=23

ATTRITION: 1.53/10.000 ATrRITION: 1,65/10.000 ATTRITION: 1,12/10.000
FATALITIES: 0,6110.000 FATALITIES: 0,6/10.000 FATALITIES: 0,8/10.000
EJECTIONS: 30/47 EJECTIONS: 16/26 EJECTIONS: 12/24
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COMBAT AIRCRAFT- OPERATIONAL FACTOR N = 59
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AIC TYPE NUM OPS LOG ENV OTH

CM-170 11 10 -

ALPHA-JET 2 2 -

T-33 3 3 -

SF-260/SV-4 7 7 -

TRAINING A/C 23 22 - 1 -

A7
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FLYING STATUS PILOT! TRAINING A/C MISHAP

A/C TYPE NUMBER STUDENT I/P VISITOR

CM-170 11 3 2 6

ALPHA-JET 2 1 1

T-33 3 1 1 1

SF-260/SV-4 7 1 5 1

TRAINING A/C 23 6 9 8

TRAINING RELATED 12

NOT TRAINING RELATED 11

A9

EJECTIONS

A/C TYPE SEAT N-AIC N-PIL N-EJEC PIL FATAL MAJOR MINOR UNHURT FIT UNFIT RESTRICT.

MIR 58 MB MK 4 41 47 30 3 18 1 8 21 6

F104G LOCKEED 23 24 12 3 3 3 3 9

F-16 A/B ACES 1I 24 26 18 3 2 13 15

F.84 F REPUBLIC 3 3 2 1 1 2

T-33 LOCKEED 3 4 2 1 I 1

ALPHA-JET MB MK 10 2 3 0

96 107 64 10 21 8 25 48 6

A10
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IEVOLUTION A7rTRITON RATE COMBATAIC
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UNDERLYING CAUSES OF HUMAN ERROR IN U.S. ARMY ROTARY WING ACCIDENTS

Daniel T. Fitzpatrick, D.O., M.P.H.
U.S. Army Safety Center

Fort Rucker, AL 36362 USA

SUMMARY Standards Standards/proceures are not clear or

Human error has been a causal factor in 80% of U.S. Army Failure practical, or do ot exist.

aviation accidents. The focus of an accident investigation Training Failure Individual not trained to known standard
is to identify the task errors and related system (insufficient, incorrect or no training on task).
inadequacies that contributed to the accident occurrence.
Within the U.S. Army, crew error aviation accidents have Leader Failure Leader does not enforce known standards.
been attributed to one of five reasons: individual failure Individual Individuai knows and is trained to standard
(41%), leader failure (27%), standards failure (15%), Failure but elects not to follow standard (self
training failure (12%), or other failure (5%). discipline).

This study describes the most frequently occurring aircrew Other Equipment/material improperly designed/not
task errors and associated problem areas causing U.S. Army provided; inadequate maintenance/facilities/
rotary wing accidents from FY 84 through FY91. A total services.
of 554 accidents occurred, resulting from 906 aircrew
errors. The three most frequently occurring task errors Figure 1. Sources of human error
involved improper decision, improper attention, and
inadequate communication. Together, they accounted for
one half of the total number of identified errors. The most b. What caused it? Identify the inadequate system
frequently reported problem areas were inadequate crew element(s) that caused or permitted the accident to
coordination and improper scanning, which accounted for Occur.
almost 40% of the errors. There were minor differences
noted for problem areas based on aircraft type, time of c. What to do about it? Identify remedial measures that
occurrence, and responsible aircrew member. The U.S. will correct the system inadequacy.
Army Aviation Center has introduced corrective measures In human-error accidents, the error causing the accident
that address these problem areas. If successful, these usually can be traced to one of four sources: lack of
corrective measures should reduce crew error, resulting in established standards or procedures, lack of training, failure
fewer accidents and a savings in personnel and equipmenL to enforce standards, or individual failure to follow

standards (figure 1). In essence, when standards/

1. INTRODUCTION procedures are not clear or practical or do not exist and the
aircrew member makes an error, that error is the result of a

U.S. Army Safety Center (USASC) statistics have shown standards failure. If the standards exist, but aircrew
that human erro has been a causal factor in approximately members are insufficiently, incorrectly, or not trained to
80% of Army aviation accidents. Human error is defined known standards, the error is a result of training failure. If
as job performance which deviated from that required by leaders fail to enforce existing standards, human error is the
the operational situation (1). Explaining how a human result of leader failure. And finally, when standards are
error occurs requires identification of the specific task or known by aircrew but are not followed, then the source is
function the individual was performing, an explanation of individual failure. Within the U.S. Army, individual failure
how that task or function was improperly performed, and a accounts for 41% of all human error avi,,tion accidents,
statement of how the error caused or contributed to the while leader, training and standards failure account for
accident. 27%, 12%, and 15% respectively. The remaining 5% is

attributed to equipment or material improperly designed or
The focus of an accident investigation should be to identify not provided; or inadequate maintenance, facilities or
the system elements that caused or permitted the accident services.
to occur. The procedure used by the U.S. Army to identify
and describe errors, material failures, environmental Recent USASC studies (2,3) have identified a list of
factors, inadequate system elements and recommendations problem areas associated with operational issues. Problem
is called the "3W approach." This approach requires the areas, as defined here, refer to the manner in which system
invesigator to answer three questions: deficiencies and associated task errors are manifested in

aviation operations. Systematic identification of specific
a. What happened? Identify how the accident occurred. problem areas frequently associated with human-error

Identify key factors) (task errors) that contributed to accidents provides valuable information for the
the accident occurrence. development of recommendations to correct these areas.

This research was conducted to identify the most frequently j
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occurring aircrew task errors and associated problem areas Table 1. Oistibution of task errors
causing U.S. Army rotary wing accidents.
Recommendations to reduce specific problems could then TUSk Effor Number % of ToelM
be made, resulting in fewer accidents and a savings in
personnel and equipment. Improper decision 178 19.6

Improper attention 160 17.7

2. METHODS Inadequate communication 116 12.8

All Class A through Class C U.S. Army rotary wing Failed to flow procedures 110 12.1

accidents attributed to aircrew error, inclusive of Fiscal Inadequate inspection 77 8.5
Year (FY) 84 through FY 91 were reviewed for this study. Misjudged 73 8.1
This classification includes accidents resulting in at least Failed ID gre ze 55 6.1
total property damage of $10,000 or an injury that causes
any loss of time floro work beyond the day on which the Failed to anticipate 45 5.0
accident occurred (4). The narrative repots for each Inadequate planning 37 4.1
accident were systematically reviewed to verify that Improper complex action 22 2.4
aircrew error was a cause factor in each accident, identify
the specific task error(s), and identify the associated Misinterpreted 16 1.8
problem area(s). Failed to follow principles 12 1.3

The task error(s) for each accident were identified from the Inadequate improvising 5 0.5
standard taxonomy currently in use at the USASC (Annex Total 906 100.0
A). The associated problem area was then identified for
each task error. The set of problem areas used for this
study is based on previous research conducted at the Table 2. Distribution of problem areas
USASC (2,3), and is presented in Annex B. Numbe % of Total

Specific information, to include aircraft type, period of day
and duty position of crewmember malting the task error Coordinate 167 18.4
were collected for each accident case. Matrices were Scan 166 18.3
developed for each variable, which displayed the frequency
of task errors and associated problem areas, and a Diagnosetrespond to emergency 129 14.3
computerized database is being constructed to allow future Detect 112 12.4
analysi& Plan-during fg 109 12.0

Plan-preflight 80 8.8
Estimate 68 7.5

These data are considered preliminary and therefore subject Maintain/recover orientation 51 5.6
to change based on future in-depth analysis. Of the 626 Oge 24 2.7
human error accidents analyzed, 72 cases (11%) were 100.0
excluded from the study. Reasons for rejection included no TOtal
supporting evidence for human error even though the cases
were coded as human error in the data base, human error
attributed to non-crewmember personnel, flight-related
accidents not associated with aircrew error, and insufficient the most frequent cause for improper scanning and
information. The remaining 554 cases accounted for 906 inadequate communication the most frequent error
total aircrew errors. In terms of lost manpower and associated with aircrew coordination problems.
equipment, these accidents resulted in 189 fatalities and Problem were similar for all aircraft types with a few491 injuries, at a cost of over $560 million to the U.S. exceptions(Male 3). A substantially larger percentage of
Army. scanning problems were identified in AH-64 aircrew

All 8 of the problem areas and 13 of the 14 task exrors were members. In contast, very few AH-64 and CH-47 crews
cited in the study. The distriution of task errors shown were noted to have a problem in diagnosing or responding
in Table 1. The three most frequently occurring erars: to an actual, simulated or perceived emergency. Scanning
improper decision (n=178), improper attention (n=160), was the most frequent problem identified in observation
and inadequate communication (n= 116) accounted for 50% and attack aircraft (AH-1, AH-64, OH-58, AHWOH-6) while
of the total error aurcrew coordination was most frequently cited for utility

and cargo helicopts (UH- 1, UH-60, CH47).
The distlbution of problem areas is presented in i*ble 2.
Two categorie inadequast aircrew coordination (n• 167) The distribution of problem areas according to the period of
and improe scitning (n-1l66), accouned for almost 40% the day in which the accident occurred is depicted in Table
of the emo, Improper attertion was the tk error cited w 4. The impropu identification of or response to an
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Table 3. Percent distribution of problem area by aircraft type

AIRCRAFT TYPE
UH-1 UH-60 OH-58 AH-i AH44 AWOH-6 CH-47 Other

Problem Area (N=226) (N1.=150) (N-= 183) (N= 153) (N=77) (N--54) (N=50) (N= 13)

Coordinate 18.1 24.7 14.8 11.8 22.1 14.8 22.0 7.7
Scan 9.7 17.3 16.8 22.2 38.9 222 16&0 23.1
Diagnose/respond to emergency 204 6.0 15.9 17.0 1.3 20.4 2.0 53.8
Detect 10.2 14.0 14.2 11.1 9.1 9.3 24.0 0.0
Plan-during flight 14.2 12.0 13.7 10.4 9.1 14.8 4.0 7.7
Plan-preflight 10.2 9.3 6.0 11.8 2.6 5.5 16.0 7.7
Estimate 5.3 6.0 10.4 8.5 6.5 11.1 8.0 0.0
Maintain/recover orientation 7.5 8.0 5.5 3.9 5.2 0.0 4.0 0.0
Other 4.4 2.7 2.7 3.3 5.2 1.9 4.0 0.0
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Table 4. Percent distribution of problem areas by time of emergency was the most frequently reported daytime
occurrence problem, while scanning and crew coordination problems

Day Night were most often cited at night. In addition, a significantly
Problem Area (N1=549) (N=357) larger percentage of aircrew members failed to maintain or

recover orientation at night as compared to day.
Coordinate 15.5 23.0 'The duty position of th,- aircrew member making the task
Scan 16.4 21.3 error was also evaluated (Table 5). Among the study
Diagnose/respond to emergency 19.1 6.7 population, approximately 3 out of every 5 task errors were
Detect 12.4 12.3 caused by the designated pilot. Copilot and instructor pilot

errors each accounted for an additional 17%. Improper
Plan-during flight 14.7 7.9 scanning and poor crew coordination were the most
Plan-preflight 9.3 8.1 frequent problems noted for pilots and copilots, while
Estimate 8.2 6.4 improper identification of, or response to an emergency

was the problem most frequently cited for instructor pilots
Maintain/recover orientaion 0.9 12.9 and student pilots. Over half of all problem areas attributed
Other 3.5 1.4 to crew chiefs were due to a failure to detect hazards.
Total 100 100.0

Table 5. Percent distribution of problem areas by crewmember committing error

CREWlEMBER
-l4tJ¢o Stdent Crew

Pilot Copalot Pilot PRlot Chief Other
Problem Ar (N1536) (W,160) (N= 150) (N=22) (N4=15) (-=23)

Coordinale 16.8 23.1 20.0 4.5 33.3 17.4
Scan 18.7 20.0 18.0 13.6 6.7 0.0
Diaonose/resond Io emergenCy 13.3 11.3 20.7 36.4 0.0 4.3
Detect 11.4 14.4 8.7 4.5 60.0 21.7
Plan-during fU 14.4 6.9 11.3 0.0 0.0 17.4
SPln-preft~gt 14.4 6.9 11.3 0.0 0.0 17.4
Estimate 8.6 5.6 6.7 9.1 0.0 4.4
MataiVrecover orlentation 5.8 62 5.3 4.6 0.0 4.4
Other 0.9 6.3 2.6 22.7 0.0 0.0
ToIal 100.0 100.0 100.0 100.0 100.0 100.0

...
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4. DISCUSSION individual self discipline. These critical skills and
techniques must be identified and formally integrated into

The purpose of this study was to identify and analyze the training and standards. The U.S. Army Aviation Center has
most common problem areas associated with aircrew error, instituted changes to its written procedures and training
There were two dominant problem areas: improper methods relating to crew coordination and proper scanning
scanning and poor aircrew coordination. Similar findings techniques. In addition, TC 1-210, Aircrew Training
were noted in a previous USASC study (5), where these Manual (ATM) Commander's Guide, and TC 1-214, ATM
two problem areas accounted for 46% of the total number Attack Helicopter, AH-64, have both been revised to
of errors involved in the top 15 violated rotary wing incorporate crew coordination requirements into the
procedures. training plan and individual ATM tasks. These same

Scanning problems may be categorized as either fixated, requirements are to be incorporated into the planned

limited, or improper technique (5). A fixated scan occurs

when a crewmember discontinues head and eye movement Further actions by the USASC have included a new
when searching his field of view. Limited scans refer to appendix for Army TC 1-204, Night Flight Techniques,
searching only a portion of the field of view, while dealing with crew coordination and scanning during night
improper technique refers to scanning too close in, too far vision goggle (NVG) operations in the desert; and a night
out, too fast, or too slow. Within this study, scanning crew error training video. These corrective actions should
problems occurred more frequently in aircraft with tandem help to reduce crew error, resulting in fewer accidents and a
seating (AH- 1, AH-64) where the forward field of view is savings in personnel and equipment.
restricted for the backseat pilot. In addition, scanning
problems were cited more often at night. This may be
attributed to degraded visual function and reduced visual REFERENCES
cues (6), combined with visual limitations of night vision
devices (7) frequently used during night flight. 1. Headquarters, Department of the Army, DA PAM

385-95: Safety Aircraft Accident Investigation and
The large number of scanning problems identified in Reporting, Washington, DC, 1983.
AH-64 crews (39%) warrants further consideration. Visual
input is provided to crew members through the use of the 2. Boyd, A., "Crew Error in Night Rotary Wing

integrated helmet and display sight system (IHADSS), Accidents," U.S. Army Safety Center Unpublished Report,
which is unique to this aircraft (8). When flying the AH-64 Fort Rucker, AL, 1991.
at night, the pilot night vision system (PNVS) provides a
field of view restricted to a 30x40-degree box (9). Head 3. Ricketson, D.S., "Crew Coordination," U.S. Army

movement is limited to 90 degrees left and right, so one Safety Center Unpublished Report, Fort Rucker, AL, 1991.

cannot look to the rear at alL In addition, the PNVS sensor 4. Headquarters, Department of the Army, AR 385-40:
is located on the nose of the aircraft, which displaces the Safety Accident Reporting and Records, Washington, DC,
eye point by 8 to 10 feet in front of the pilot and creates 1987.
some difficulty with motion parallax. Pilots have also
reported effects of binocular rivalry, resulting in an 5. Owens, S.D., Robertson, J.D., Thill, D.C., Zeller Jr.,
unusable visual image or periodic closing of the left eye to J.L., "Most Frequently Violated Aviation Procedures,"
clear the problem. COBRO Corporation Report, Fort Rucker, AL, Contract

Aircrew coordination failures were identified in all types of No. DAA 109-88-A002 0023,1991.

aircraft for all aircrew members. Based on the crew 6. Headquarters, Department of the Army, TC 1-204:
member distribution of failures (17% for instructor pilots Night Flight Techniques and Procedures, Washington, DC,
versus 1% for student pilots), poor crew coordination was 1988.
not due to inexperience. The most frequently cited mason
for this problem (33% of the crew coordination failures) 7. U.S. Army Safety Center, Flighiax special issue,
involved non-flying crew members failing to provide "Flying Goggles: A Special Report on Night Vision
needed assistance or information to the flying crew Flying," Fort Rucker, AL, 1988.
member. When flying at night, there is even less margin
for crew xor, which further exposes crew coordination 8. Brown, WJ., Van Rope, J.W., "AH-64 A Total System
weaknesses. As a result, poor aircrew coordination for Battle," U.S. Army Aviation Digest, pp. 20-29, March,
accounted for 23% of the total night related problems. 1988.

Crew errors are related to basic aviator skills and persist 9. Shiners, W.W., Van Rope, J.W., "AH-64 A Total System
due to inadequate training, procedures, leadership, and for Battle," U.S. Army Aviation Digest, pp. 14-26, April,

1988.
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ANNEX A

TASK ERRORS

1. Inadequate inspection/search. Failure to properly 9. Inadequate improvising/troubleshooting/problem

look, listen, or feel in different locations for something, not solving. Failure to devise a workable course of action

knowing if, where or when it may occur.
Key words: locate, read, detect, observe, a. The best course of action could not be decided using

available information.
2. Improper attention. Failure to pay attention to one or b. The best course of action could not be carried out

moreusing available resources, and/or
Key words: divide attention, monitor, scan, survey, time ung avaiable resoces, n orshare, or watch. c One rule, principle, or procedure for deciding the

course of action did not clearly apply.

3. Failed to recognize. Failure to determine what Key words: adapt, devise,fabricate, or invent.

something is and what its characteristics are so it can be 10. Failed to follow procedures/orders/laws. Failure to
distinguished from other things that are siiar use the proper written or verbal instruction as specific
Key words: identify, discriminate, or distinguish. guidance in performing a task.

4. Misjudged clearance/speed/weight/size/distance. Key words: carry out or execute.
Improper evaluation of size, weight, temperature, 11. Failed to comply with general rules/principles.
movement, direction, distance or sound of things seen, Failure to use the rule, principle, or commonly accepted
heard, or felt without the use of measurement devices. practice as general guidance in performing a task.
Key words: compare, estimate, or evaluate. Key words: comply with or obey.

5. Misinterpreted. Failure to properly apply logic, rules, 12. Improper simple ph•,sical action. Improper
or computational steps to information so it can be correctly performance of separate simple movements made with a
interpreted and used in performing the task at hn1d. certain purpose in mind; e.g., completing job, task, or part
Key words: calculate, categorize, code, compute, itemize, of a task.
process, tabulate, or translate. Key words: lift, hold, drop, hit, push, pull, sit, stand, reach

6. Failed to anticipate. Failure to expect immediately for, open, close, connect, disconnect, activate, press, turn,

upcoming events (short-term planning) to be prepared to grasp, grip, set, or start.

act or react accordingly. 13. Improper complex physical action. Improper
Key words: expect,for see, prepare for. performance of action(s) involving coordinated movements
7. Inadequate planning. Failure to properly organize to which continuous adjustments are made based on

actions and plan for future job needs. information related to the task at hand.
Key words: allocate, assign, coordinate, direct, organize. Key words: walk, run, crawl, climb, carry, jump, align,
or schedule. adjust, steer, brake, aim, accelerate, swim, throw, or track.

8. Improper decision. Selection of an improper course of 14. Inadequate communication. Failure to convey facts,

action when- instructions, or directives required to perform a task by
a. The best choice could be made using available speaking, writing, signaling, or otherwise giving

infohsationc information to be acted on.

b. The best choice could be carried out using available Key words: ask, answer, signal, inform, advise, direct,

resources, and/or indicate, instruct, request, speak, transmit, or write.
c . One rule, principle, or procedure for deciding the

course of action clearly applied.
Key words: choose, determine. analyze, elect, or select.

!A



ANNEX B

PROBLEM AREA DEFINITIONS
1. Scan. Improper direction of visual attention inside or 7. Diagnose/respond to emergency. Improper

outside the aircraft; i.e., too much or too little time on one identification of or response to an actual, simulated, or

object/area; scan pattern not thorough or systematic. perceived emergency.

8. Coordinate. Failure of crewmembers to properly
2. Maintain/recover orientation. Failure to properly interact (communicate) and act (sequence and timing) in
execute procedure(s) necessary to maintain or recover performance of flight tasks.
orientation in flight envirunments known to restrict a. Direct assistance - Failure to properly direct
visibility; e.g., snow, dust, IMC, black hole, and over black assistance from non-flying crewmembers; e.g.,
water. provide information on airspeed, altitude, engine; or

assist with aircraft clearance and control.
3. Plan-during flight. Improper inflight modification of b. Announce decision - Failure to announce decision or
flight plan or failure to properly modify flight plan in action that affects other crewmember's duties.
response to unanticipated events or conditions. c. Positive communication -Lack of positive

communication (trai-.smission, acknowledgment,
4. Plan-preflight. Failure to choose appropriate flight confirmation) using standard terminology with

options for known conditions and contingencies ad specific qualifiers.
develop se iorntowa courseiofs acticontoimaxmizes ad. Assign responsibilities - Failure of PIC to properly
develop these into a course of action to maximize assign responsibilities (crew brief or during mission).
probability of mission accomplishment. e. Offer assistance - Failure to offer assistance or

information requested or needed by the pilot on
5. Estimate. Inaccurate estimation of distance between controls.
objects or rate of closure with objects. f. Action sequence - Improper sequencing or timing of

6. Detect. Not identifying obstacles or recognizing other actions.

hazardous conditions; e.g., obstacles in landing area,
unsecured equipment and improper control/switch position.
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INTRODUCTION
SUMMARY

The number of accidents caused by SD has been
Spatial disorientation (1D) continues to be a determined (see Table II) for several flying
contributing factor to a fairly constin: proportion of populations over the past four decades (1-7). All
military aircraft accidents. The United States Air known studies have used the results of accident
Force (USAF) fielded a new accident investigation investigation boards as a basis for categorizing SD
reporting form in July 1989, which for the first time accidents. Examination of the potential for
specified SD Type I, Type II, and Type III as misclassification resulting from the accident reporting
possible causes of aircraft accidents. Of a total of 91 process has been noticeably lacking. Only one report
major accidents that occurred over the 2-year period critically examines potential semantic difficulties with
beginning in October 1989, SD contributed the definition of SD (6). A knowledge of the history
significantly to 13 (14%). Although this percentage of SD is essential for rationally interpreting reported
is higher than that reported in previous studies, the SD rates.
actual rate of SD accidents per I on, oon flying
hours (.1843) is lower than previously reported. The understanding of SD has changtd dramatically
Type I SD was the cause of all 13 accidents; 9 of the over the past 60 years. The existence of SD was
13 were fatal; 6 occurred in night or instrument first proved in 1926 by Major William C. Ocker (8).
meteorologic conditions (IMC) conditions; and 11 Ocker made the crucial discovery during a routine
involved cockpit attention problems, such as semiannual physical examination performed by a
inattention, distraction, or channelized attention. flight surgeon, Capt David Meyers. During the
Pilot inexperience did not appear to be a factor: exominat'on, Ocker was blindfolded and rotated in a
average total flying time for the 13 pilots was 1,687 Barany chair--a technique used to find possible
hours. Coding for SD on sccident investigation vestibular (inner-ear balance organ) pathology.
reporting forms was not consistent. There were both While rotating blindfolded and not being able to
individual differences between flight surgeons, identify correctly the direction of turn, Ocker
differences between flight surgeons and pilots, and suddenly realized why pilots were having problems
trends in reporting overtime. There is, however, a when flying in clouds and fog. His realization was
consensus that SD represents a major problem in the first recognition of the phenomenon subsequently
military aviation. A scientific approach to this referred to as "pilot vertigo," and now called spatial
important problem would be facilitated if agreement disorientation. This phenomenon, he now
could be reached on defintional and semantic issues. understood, was a result of inadequacy of the

vestibular sensory system.

In spite of Ocker's finding, many pilots refused to
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accept the fact that spatially orienting instruments to state that SD was a causal factor. One accident
were necessary. Pilots were generally taught to investigation board even refused to categorize a Class
develop a "feel for the ship,* the antithesis of A mishap as SD-related because of a sentence in a
reliance on instruments. Their understanding of SD training manual that stated SD was not possible when
would remain primitive--i.e., that it was a weakness the natural horizon was visible (14). The document
of the pilot's innate ability to fly an airplane. Well was rewritten in 1986 (15).
into the 1940s instrument training manuals illustrated
a somewhat limited understanding of SD, and What was needed was a definition of SD that
emphasized only vestibular conflicts (e.g., the incorporates the idea of the pilots lack of a correct
following excerpt from Instrument Flying--Basic, awareness of the aircraft state, regardless of the
1943) (9): specific illusion responsible. An attempt at such a

"What to do about these sensations: definition was "a state characterized by an erroneous
(3) Shake your head and move your body sense of one's position and motion relative to the
around... plane of the earth's surface" (16). But even this
(4) If you feel that the aircraft is banked in comprehensive definition lacks utility in that it does
one direction, although it actually is level, not specifically identify those positions and motion
try banking in the opposite direction..." parameters that pilots must monitor to keep their

aircraft from crashing as a result of illusory
In 1961, the term "vertigo," rather than "SD," was orientational cues and consequent misdirected control
still primarily used in American textbooks of inputs. Accordingly an "operational" definition of
aerospace medicine and predominantly vestibular SD has proposed by USAF Armstrong Laboratory
illusions were discussed (10). A decade later the personnel and used successfully in consultations
updated edition of the same textbook discussed a supporting aircrft mishap investigations. This
range of both vestibular and visual illusions under the operational definition of SD is "a state characterized
heading of "Spatial Disorientation" (11). by a pilot's erroneous percept of the magnitude or

direction of any aircraft control or performance flight
As early as 1958, the scientific literature began to parameter," or articulated even more clearly for
identify visual cues external to the cockpit as possible pilots, "an erroneous sense of any of the flight
sources of SD (12). It was understood that if parameters displayed by aircraft control and
conflicts between the visual scene and the cockpit performance instruments" (16). As flight instruments
flight instruments were not recognized and properly are divided according to function into control,
resolved, SD could result. Head-up displays on the performance, and navigation categories (15) and the
fighter aircraft of the 1970s and 1980s enabled pilots control and performance categories contain the co-
to spend more time with their eyes out of the cockpit, called "primary" flight instruments needed to monitor
and thus to increase their chances experiencing aircraft state, it is logical to define SD in terms of
visually induced forms of SD at night or in control and performance parameters or instruments.
instrument weather conditions. By 1985 aeromedical By this definition, a pliot who incorrectly perceives
textbooks included expanded discussions of visual his/her pitch or bank attitude (control parameters), or
illusions and sensory mismatch in an effort to vertical velority, altitude, turn rate, etc. (performance
improve the understanding of SD (13). parameters), is considered to be spatially disoriented,

whatever the visual or vestibular mechanism
Just as our understanding of the causes and responsible for the incorrect perception.Even though
mechanisms of SD has matured from 1926 to the this latest definition has been received quite
present, so has the definition of SD evolved. The favorably, the understanding of SD in such terms is
lack of a generally accepted definition of SD has at present by no means universal.
hampered aircraft mishap investigators by depriving
them of the ability or motivation to correctly identify Not only have our understanding of SD and the
SD as the cause of accidents. SD has usually been definition of SD changed, but so has our way of
taken to mean the experiencing of an orientational recording the accident data. Until 1989, the USAF
illusion in flight (13). As a result, unless a specific accident reporting form (Air Force Form 71lgA),
vestibular or visual illusion was identifiable as having gave the investigating flight surgeon the choice of
precipitated a mishap, investigators were disinclined attributing accident causation to either "visual
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illusion" or "disorientation/vertigo," and he could were reviewed by two of the investigators (TL and
rank the importance of this factor as "definitely WE) in an attempt to verify the classifications of
contributed," "suspected factor," or "... present but these accidents. For some accidents, however, the
did not contribute..." (see Fig la). Beginning in July investigators did not agree between themselves on the
1989, a new accident reporting form was adopted appropriate classification. Therefore, only the
which allowed the flight surgeon specifically to codings determined by the original accident
choose SD Type I, SD Type II, or SD Type III and investigation board were used. Accidents attributed
rate the significance of the SD contribution to the to SD after implementation of the new accident
accident on a 0 to 4 scale (see Fig lb). reporting form in FY90 appeared to represent a

different subset of accidents from those attributed to
This paper attempts to determine the current rate of SD when the old form was used. Therefore, detailed
SD in the USAF by an in-depth assessment of Class analysis of SD accidents was done only for FY90 and
A mishaps. In addition, the paper investigates how FY91. For these years the actual accident records
reported rates have been influenced historically by an were reviewed to determine the nature of the SD
improved understanding of SD, definitional/semantic accidents (Table IV), coexisting perceptual and
changes, and altered methods of reporting SD. situational awareness factors (Table V), and personal

characteristics and habits of the pilots (Table VI).
MATERIALS AND METHODS

Normative data for personal A. i ,,iologic variables
The life sciences data base of the USAF Inspection were obtained from a variety of sources. Age, total
and Safety Center was reviewed for the years flying time, and aircraft-specific flying times were
1980-1991. Data were separated by fiscal year obtained from Military Personnel Center records
(FY) (I Oct-30 Sept). For FY80 through FY89, maintained by the USAF Armstrong Laboratory
Class A accidents (major accidents), either Human Resources Directorate. Data as of 31
"suspected" or "definitely" caused by December 1989 were used for all pilots who had
"disorientation/vertigo" were selected. Major flown an F-16, F-15, A-10, or A-7 within the
accidents are defined as those resulting in either a previous 6 months. Using data from the USAFSAM
loss of life or more than $200,000 worth of damage Coronary Artery Risk Evaluation file, we determined
until 1982; from 1982 until 1989, the damage that only 6% of the pilot population smoked in 1988.
crierion for a major accident was raised to $500,000.
For FY90 and FY91, accidents caused by SD Type RESULTS
I, Type II, or Type Ill, with the significance of the
factor rated 3 or 4 on a scale 0-4, of were chosen. The proportion of accidents attributed to SD in the
Also, after 1989, the damage criterion for a major USAF appears to have increased slightly over the
accident was raised to $1,000,000. past four decades while the actual rate of SD has

decreased somewhat (Table I). The conditions under
The total number of Class A mishaps, and the total which SD accidents occurred varied somewhat
flying time for all aircraft for each fiscal year, were depending on the flying population studied (Table I1).
used to determine the proportion of accidents caused
by SD, and the rate of occurrence of SD accidents, Table III gives a breakdown by year of the types of
respectively. Past flying-hour data (available back to accidents attributed to SD. A comparison of SD
1921) were used to calculate rates for the data categorization before (FY86-FY89) and after
presented by Barnum and Bonner (1958-1968) in (FY90-FY91) implementation of the new accident
Table I. USAF Inspection and Safety Center codes investigation reporting form revealed an increased
that categorize accidents according to natural tendency to categorize collision with the ground (non-
groupings, rather than causality, were also used to range) accidents during low-level navigation as due to
investigate secular trends in the categorization of SD on the new form. On the other hand, there was
USAF SD mishaps (Table 1ll). a decreased tendency to categorize pilot-induced

control loss accidents as due to as SD on the new

Accident reports for those accidents attributed to form. Most reports of such control-loss accidents
operator error during the four-year period FY88-91 attributed to SD had no discussion of SD or

I
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of specific vestibular or visual illusions in the as "other" in evident dissatisfaction with SD codes
itarrative. One such accident, for example, involved available with both the new and the old forms. Using
a pilot who was confused as a result of G-induced the old form, investigating flight surgeons in several
loss of consciousness (G-LOC) during acrobatic cases during FY88-FY89 discussed specific
maneuvering, mechanisms of SD but did not code the accidents as

"disorientation/vertigo': one case of "oculogravic
Table IV describes the 13 SD mishaps. Most (12/13) illusion" was coded as a "visual illusion" but not as
of these SD accidents during FY90-FY91 occurred in "disorientation/vertigo'. In three cases, the
fighter aircraft and most (9/13) were fatal. All were investigating flight surgeon coded mishaps as "other"
reported to be Type I (unrecognized) SD. In most instead of using the factors available to choose from
cases, no specific vestibular or visual illusions were on the form; and the descriptions, "visual
identified as causal (Table V). Most of these misperception," "somatogravic illusion," and
accidents (11/13, 85%) had one or more cockpit "disorientation," were added by the flight surgeon.
attention factors coded in addition to SD (Table V). Investigating flight surgeons using the new form also
Table VI compares the personal characteristics and coded accidents in the "other" category three times
habits of the 13 SD pilots with normative data for the in FY90-FY91. The terms "spatial misorientation"
USAF. or "misperception" were substituted for SD.

Accidents occurring during low-level flight in visual Misperception of position was coded as a cofactor
meteorologic conditions (VMC) are common, but along with SD in 5 accidents (Table V), and was
until recently have not been coded as SD accidents. coded in 5 additional accidents when SD was not
According to recent Air Force Inspection and Safety coded: 2 mid-air collisions, 1 geographic
Center statistics, at least 25 low- level turning misorientation, 1 collision with paratroopers, and I
accidents involving fighter/attack aircraft have controlled flight into the ground on the range.
occurred since 1982 (17). The ingredients were the Misperception of speed was never coded as a cofactor
same in almost all of these mishaps: low attitude, with SD and was coded without SD being coded in 5
aircraft banked 60 to 80 degrees in a turn, clear additional mishaps: 2 midair collision accidents,
weather and good visibility, greater than 1 G on the 1 range accident, 1 loss of control accident, and 1
pilot (2-5.5 G), and pilot looking out of the cockpit engine stagnation accident. Misperception of distance
for an adversary, a wingman or other object of was coded twice as a cofactor with speed in midair
interest. For an unexplained reason the aircraft collision accidents. "Visual illusion" was coded on
overbanked during the turn; and and as a result, the 2 occasions without SD being coded: 1 ground
nose sliced toward the ground. It is presumed the collision with a wingman on takeoff roll and 1
pilot was looking somewhere other than off the nose collision with ground following visual flight into
of the aircraft and did not detect the pitch down, and IMC. "Visual acquisition" was coded 3 times: all in
collision with the ground occurred. At least three midair collisions.
such accidents occurred during FY88-FY89 and were
not coded as SD. In one of these, the investigating DISCUSSION
flight surgeon demonstrated his lack of understanding
of SD by stating that the G-excess illusion could not Our analysis of recent USAF SD accidents is in
be a factor at such "low G" levels (90 degree bank) agreement, in some respects, with other investigators.
and with "good visual cues." In contrast, during All investigators agree that SD is a significant cause
FY90-FY91, four collisions with the ground during of aircraft accidents. Our finding that involved pilots
low-level flight in VMC and four night-range were of average experience level (1687h) also agrees
accidents were attributed to SD. The G-excess with other investigators who found similar total flying
illusion was specifically considered by the times of 1,495 hours (1) and 1,488 hours (3).
investigating flight surgeon in several of these seven
mishaps. In several respects, however, our results were

different from those of past investigators. The
Misclassification in the reporting process was evident proportion of USAF accidents caused by SD in FY90
both before and after implementation of the new and FY91 (14%) is slightly higher than that
reporting form in 1989. Accidents were often coded



31-5

previously reported, while the actual rate per 100,000 weather.' If the actual contribution of SD to the
flying hours (. 18) is lower. No SD accidents during latter accident category were to be made explilcit, the
FY90 and FY91 occurred during takeoff or landing. proportion of civilian aircraft accidents attributed to
Over half of the FY90-FY91 SD accidents occurred SD would undoubtedly be much higher.
in VMC, often during low-level navigation: this
increase in the coding of such accidents as SD-related Sound accident epidemiology should be based on a
is no doubt due to a change in the definition and study of actual accident rates rather than proportions
understanding of SD by investigating flight surgeons. of accidents attributed to a given cause. This was

illustrated by Table I. Another example of the
The USAF attributes a higher proportion of SD potential for misapplication of proportion statistics is
accidents to Type I SD (almost 100%) than does the the apparently lower proportion of accidents
Navy (only 52%). Discussion with both U. S. Navy attributed to SD by the U. S. Navy (5%) than by the
Safety and aviation personnel have convinced us that USAF (12%) in FY8O-FY89. This lower proportion
semantic variations account for much of this is entirely due to an overall higher accident rate for
difference. In addition, some of this difference may the U. S. Navy and the use of different causality
be due to misclassification of accidents; for example, criteria in the U. S. Navy statistics. The Belienkes,
we found at least one USAF accident during FY90- et al, study included only accidents with SD as a
FY91 which we would have attributed to SD Type 1I "definite" cause; whereas the USAF data for FY80-
rather than SD Type I. FY89 in Table I also included those in which SD was

a "suspected" contributor (3). The actual rates for
Although there is an increasing tendency for flight the U.S. Navy for "definite" SD (.16 per 100,000
surgeons to code low-level accidents in VMC as due flying hours) and for "possible," "probable," and
to SD, pilots do not necessarily concur in this "definite" SD (.53) are actually higher than the
categorization. A survey of 30 USAF pilots in 1990 corresponding USAF rates for "definite" contributor
(Lyons, Thomae, Mittelstaedt, Pierce, Schiffler, and (.11) and "suspected" and "definite" contributor
Reid, unreported) found that near-accidents caused by (.24).
SD are frequent, and that pilots attribute only
accidents occurring in obscured visibility to SD. Of The distinction between accidents caused by
the 30 critical incidents described in the survey, 3 inadequate cockpit attention/task management or other
were attributed primarily to SD; and in three forms of loss of situational awareness (LSA) and
additional incidents the pilots rated SD as definitely accidents caused by SD is Lot clear. Recently,
important (5 or 6 on a scale of 6) in contributing to investigators have lumped LSA related accidents with
the incidents. Thus, SD contributed significantly to SD into one large LSA/SD category (18). It is true
20 % of these near-accidents. Four of these incidents that most SD accidents have such cockpit attention
occurred in night IMC; 1 occurred in unspecified deficits, and that some attention-deficit accidents
IMC; and 1 incident occurred during flight in and involve the element of SD in the mishap sequence.
out of clouds. Phase of flight was also a factor: 3 of Such categorization, however, results in lumping 270
the incidents occurred on instrument approaches, (76%) of the 356 total operations-factor accidents
while 2 others occurred during formation flight, from FY80 through FY89 into one category.
Eight additional incidents of near-collision with the
ground (6 in VMC and 2 in marginal VMC) were not In conclusion, coding for SD on accident
coded attributed by the pilots to SD. investigation reporting forms is not consistent. There

are individual differences in knowledge and
Definitional problems definitely contribute to the perspective between the flight surgeons who
range in the proportion of accidents attributed to SD. investigate mishaps, differences between these flight
This has been suggested by Singh & Navathe, as an surgeons and the pilots who work with them on
explanation for the low proportion of accidents accident investigating boards, and differences in
attributed to SD in the Indian Air Force (6). Also, reporting and coding policies over time. There is a
the FAA attributes only 2.5% of all accidents to SD consensus that SD represents a major problem in
(3rd leading cause), yet FAA statistics do not clarify military aviation. A scientific approach to this
the relationship of SD to the 2nd leading cause of important problem would be facilitated if agreement
accidents, "continuing VFR flight into adverse
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could be reached on definitional and semantic issues. 17. Lyons TJ, Gillingham KK, Thomae C, Albery
W. Low-Level Turning and Looking Mishaps.
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ID ENVIRONMENTAL FACTORS

PHASES OF MISHAP FACTOR IMPORTANCE
A - ACCIDENT D DEFINITELY

E ESCAPE CONTRIBUTED
L LANDING S SUSPECTED FACTOR
S SURVIVAL (Includes P CONDITION PRESENT.

le pVr.&hute ndinj) BUT DID NOT CON-

N RESCUE TRIBUTE TO ACCI-
DENT OR INJURY.

FACTORS A E L S RI
VISUAL ILLUSIONS 613

UNCONSCIOUSNESS 614

DISORIENTATION/VERTIGO 6I5

HYPOXIA AIR

Fig. la. Excerpt from AF FORM 71 igA, Sep 76

2 SENSORY AND PERCEPTUAL
115 VISION DEF ICrT
116 VISUAL ACOUISITION
117 VISUAL ILLUSION
118 VESTIBULAR ILLUSION
It9 KIN.STHETIC ILLUSION
120 AUDITORY CUE S
121 NOISE INTERFERENCE
12 VIBRATION
123 -- MISPERCEPTION OF SPEED

124 _ MISPERCEPTION OF DISTANCE
125 MISPERCEPTION OF POSITION
126 - SPATIAL DISORIENTATION (TYPE 1) UNRECOGNIZED
127 - SPATIAL OISORIENTATION (TYPE 2) RECOGNIZED
128 - SPATIAL DISORIENTATION (TYPE 31 UNCONTROLLABLE
129 _ 7 OTHER

Evaluate each factor for presence and the slgnIficance of its contribution. Mark PRESENT Factors with either 0, 1, 2, 3, or 4

from contribution scale. If Factor NOT PRESENT leave blank, if UNKNOWN if factor PRESENT mark with "U".
0 1

NONEI DEPHIrTE
DISCUSS PRESENT FACTORS IN THE HUMAN FACTORS PORTION OF THE NARRATIVE

Fig lb. Excerpt from AF FORM 71 igA, Aug 89
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TABLE I. The number, proportion, and rate of USAF accidents caused by SD for four consecutive time
periods.

Proportion Total Rate per
Total SD of Total Flying 100,000

Years Accidents Accidents Accidents Hours Flving Hours

1958- 4,679- 281" 6%* 79,494,987 .35***
68

1980- 524** 61"* 12% 26,898,849 .23***
87

1988- 109 13 12% 6,749,640 .19***
89

1990- 91 13 14% 7,050,521 .18"**
91

*From Barnum and Bonner (1)

"*From Air Force Inspection and Safety Center

O"The overall rate for FY8O-FY91 is .21 per 100,000 flying hours. One sided binomial probability of this decrease

in rate from 1958-1968 to FY80-FY91 occuring by chance = .001.
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TABLE II. The proportion of all accidents caused by SD, and the proportion of SD accidents occurring
during approach, landing, takeoff, in IMC conditions, and at night, as reporttd for various flying
populations.

SD Accidents Occurring
During Soecific Conditions

Approach,
SD Accidents As landing,

Autho% of all accidents oJakeo IMC Night

Barnum & 6% 37%
Bonner
(U. S. Air Force
1958-68)

Moser 9% 64% 73%
(Air Defense Command)
U. S. Air Force 1964-67)

Kirkham 2.5% 89% 68% 26%
(U. S. Civilian)
1968-75)

Bellenkes 5% 39% 48%
et al.
(U. S. Navy
1980-89)

Vyrnwy-Jones 14% 43% 55%
(U. S. Army
1980-Wi)

Singh & 2.5%
Navathe
(Indian Air Force
1980-87)

Lyon 14% 15% 23% 38%
et al.
(U. S. Air Force
1990-91)

i
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TABLE Ill. The proportion of each type of operations-factor mishap caused by SD. USAF Inspection
and Safety Center coding for each type of accident is in parentheses. Numerator is the number of such
accidents attributed to SD. Denominator is total number of such accidents.

FY86 FY87 FY88 FY89 FY90 FY91
Collision with Ground

(Non-Range)
- Low-level

navigation (C20) 0/2 0/2 0/5 1/5 3/3 1/3
- Approach/Descent

(C18.C19) 0/0 1/4 1/2 1/6 0/2 2/3
- Formation (C21) (/0 2/2 0/1 I/1 1/1 !/1
- VFR in IMC

Condition (C23) 0/0 1/1 1/1 1/1 0/1 0/0
- Aerobatics (CC) 1/2 1/2 1/4 0/1 0/1 1/1

Collision with
Ground Range (D) 1/2 3/3 0/1 0/0 2/3 2/2

Pilot-induced
Control Loss (B) 1/9 3/9 2/7 3/8 0/6 0/4

Midair Collision (E) 0/7 0/4 0/3 0/1 0/7 0/2
Pilot-induced Takeoff

and Landing (L,M) 0/4 0/2 0/4 1/8 0/3 0/1
Other 1/4 0/1 0/2 0/3 0/2 0/2

All operations
factor mishaps 4/30 11/30 5/30 8/34 6/29 7/19

TABLE IV. Nature of 13 SD Accidents Occuring During FY90-FY91

Crew
Single Seat 6/13 (46%)
Dual Seat 6/13 (46%)
Multiplace 1/13 (8%)

Fatal 9/13 (69%)

Conditions - IMC 1/13 (8%)
Night 3/13 (23%)
NightIMC 2/13 (15%)

Fall 4/13 (31%)
Winter 2/13 (15%)

Spring 5/13 (38%)
Summer 2/13 (15%)

Type of SD

Type I (unrecognized) 13/13 (100%)
Type 11 (recognized) 0/0 (0%)
Type Ill (incapcitating) 0(0 (0%)

*One accident reported on the new 71 IgA in late FY89 was coded as SD Type III.
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TABLE V. Sensory/Perceptual and Situational Awareness Cofactors of SD Accidents Occuring during
FY90-FY91.

Sensory/
perceptual
factors coded - Misperception of Position 5/13 (38%)

- Vestibular Illusion 5/13 (38%)

- Visual Illusion 2/13 (15%)

- Kinesthetic Illusion 1/13 ( 8%)

- Auditory Cues Deficient 1/13 (8%)

- Misperception of Distance 1/13 (8%)

Situational
awareness
factors coded - Selective Inattention 4/13 (31%)

- Channelized Attention 10/13 (77%)

- Distraction 5/13 (38%)

TABLE VI. Personal Characteristics and Habits of Pilots Involved in SD Accidents in FY90-FY91.

Mean for
USAF

Mean (range) for Fighter
13 SD Pilots Pilots

Age (years) 33 (27-41) 33

Total Flying Time (h) 1,687 (440-2,965) 1,839

Aircraft Specific Flying Time (h) 635 (219-1,679) 778

Time Since Last Meal (h) 5.600 (2.6-13)

Time Since Last Slept (h) 7.20 (3.5-14)

Duration of Last Sleep (h) 7.30 (5.8-9)

Cigarette Smoker 1/13 (8%) 6%

SUnknown for 1 pilot
00 Unknown for 2 pilots

iI I
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DISORIENTATION -N FLIGNT SAFETY-- A SUREWY OF WK AMYT AIKRCEE.

SJ Iharnford
Consultant Adviser in Aviation Medicine, UK Army.

HQ DAAC, Middle Wallop, Nr. Stockbridge,
Hants SO2 80Y, England.

SUMMR .

This paper reports the findings of a safety than episodes involving Co-pilots. Flying
q•estionnaire survey intended to gather experience (in terms of hours) gave a mixed
information on the genesis and severity of picture which probably reflects a number of
disorientation. 440 UK Army aircrew were conflicting trends.
targeted and the response rate was 79%.

An analysis of narratives indicated that episodes
The survey confirmed the high incidence of that were purely vestibular in origin were almost
disorientation (24X of aircrew had suffered at always cases of the 'leans, and tended to be of
Least one episode severe enough to have put minor consequence. By contrast, the circumstance
flight safety at risk at some point during their most associated with 'severe' disorientation was
flying career and 6% had suffered such an episode inadvertent entry into Instrument Meteorologicat
in the previous 4 months). only 10 had never Conditions (INC) - particularly when it was
suffered any disorientation, followed by a recovery to Visual rather than

Instrument flight.
Factors that were particularly provocative of
disorientation included Instrument Flying and Information was also gathered on the incidence of
Night Flying (with and without Might Vision 'Break Off' phenomenon. 16X of aircrew had
Goggles). Although both were associated with an suffered at least 1 episode at some point of
increased INCIDENCE of disorientation only Might their career - and 3% had suffered to the extent
Flying was associated with an increase in of flight safety being put at risk. Only 1
SEVERITY (as assessed by the threat to Flight respondent (0.3%) had suffered to that extent
Safety). Episodes during daytime Instrument during the previous 4 months - although 4X had
Flying were LESS severe than those during daytime suffered to a Lesser degree.
Visual Flying until cases of the 'leans' were
excluded from tF? analysis, following which the Aircrew comments show that they consider spatial
trend was reversed (although only to a marginally disorientation to be a real threat to their
significant level). Interestingly, episodes safety and are appreciative of the training that
during NVG Flying did not appear to be more they already receive (including the airborne
severe than those during ordinary Night Flying disorientation training sortie). They also
(except insofar that there was an increased risk believe that the ergonomics of their aircraft are
of another crewemeber being simultaneously not fully optimised to reduce the risks and
disorientated see below). Other factors assist in recovery. Operators need to be made
relevant to the 'severity' of episodes included aware of the incidence of disorientation, the
weather conditions (such as rain or snow), state areas where flight safety is most at risk, the
of mind (whether bored, tired or distracted), influence of current and new equipments, and
location (with episodes occurring in the Gulf where the most cost effective solutions lie.
being particularly severe) and crew composition.

ImiTaurnM.
Aircraft type had a possible effect since
menoeuvres in Gazelle aircraft were more likely Until 90 odd years ago nothing in the 3000
to be associated with increased 'severity' of million year evolutionary history of Mankind had
disorientation than were manoeuvres in other directly concerned his ability to fly. Instead,
aircraft. These findings might be contminated his physiology was optimised by natural selection
by confounding factors and should be treated with for a 2-dimensional, terrestrial, tropical, Low
caution - although they agree with the strong speed and Low acceleration existence. It should
siubjective views of the slrcrew. In contrast, therefore surprise no-one that humans who take to
episodes in Lynx aircraft - particularly at night the air sometimes suffer failures of physiology
on WN - were significantly associated with an and perception that leave them confused as to how
increased risk of both crewmmbers being they or their aircraft are orientated. This, of
disorientated simultanously. TAKING THE DATA course, is dangerous, and in the UK Army spatial
FROM ALL AIRCRAFT TYPES, NOT CREI MBERS WERE disorientation (as defined as a failure to
DISORIENTATED IN 4U OF ALL EPISODES INVOLVING correctly determine one's attitude or motion
NVG. relative to the Earth's surface or its

gravitational pull) has historically caused about
Aircrew qualifications (including Instrument 15-20X of our accidents and some 3• of our
Rating) were not associated with the severity of fatalities (1,2).
episodes suffered except that episodes
involving Aircraft Commanders were more likely to In an attempt to educate aircrew as to their
be classed as jsopardising flight physiological limits an airborne 'Disorientation

Training Sortie' was introduced in the mid

1900's. This, combined with changes in
procedures and equipmnts, has altered
circumstances to such a degree that it was
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considered necessary to carry out an assessment flight safety had not been jeopardised.
of the present incidence and severity of
disorientation episodes. A questionnaire survey 'SIGNIFICANT' episodes were those in
was carried out in 1991, with the aim of which flight safety had not been
gathering information on disorientation together jeopardised but in which it might have
with related factors that might be considered been put at risk if circumstances had
provocative or might influence severity or been different (e.g. solo or close to the
resolution. ground).

In addition, information was sought on the 'SEVERE' episodes were those in which
incidence of 'break off' phenomenon. This flight safety had been jeopardised.

phenomenon is not true spatial disorientation but
is often considered in association with it. It These classifications shouLd not be confused with
is characterised by feelings of detachment, similar SENSATION AND CONTROL BASED
isolation and unreality. Victim may feeL that classifications devised by Nuttall in 1956 and
the aircraft is balanced on a knife edge or - in used since by others (4,5,8).
severe cases - that they are 'looking in on
themselves from outside the cockpit'. White ALso in this section was a request to grade
associated primarily with Long, monotonous, fixed different sortie types and different aircraft
wing flights at high level with poor visual cues, types on their Likelihood to induce
it is not unknown in helicopter aircrew disorientation.
(1,3,4,6,8).

The fourth section concerned current
The aim of this part of the survey was to disorientation training (and in particular the
discover the incidence of this anxiety provoking airborne sortie) while the fifth section provided
event amongst current Army aircrew. No attempt a blank sheet of paper for comments on any aspect
to relate it to any specific factors was planned. of disorientation considered important.

MD. RESULTS.

SibL Response Rate.

A 10 sided questionnaire was posted to 440 Army Following one reminder to non-responders the raw
aircrew. Full confidentiality was promised but response rate was 79% (total returned = 347).
the names of respondents were requested so that The questionnaire was sent out at a time of
answers could be clarified and so that non- turbulence soon after the end of the Gulf War and
responders could be followed up. If no when 'non-responders, were further followed up it
clarification was required the name of the was found that most had a reasonable 'excuse'
respondent on the coqpleted questionnaire was such as being in hospital, being heavily involved
destroyed. in disciplinary action(!) or not having received

the questiornaire. (The 'cooked' response rate
Subjects were selected from a list of Army therefore came to a staggering 94X. This
aircrew provided by the postings branch. They presumably reflects the seriousness with which
were not stratified by rank, age or aircrew consider such subjects.) In the event,
qualification, and they were representative of 338 of the returned questionnaires were
Army aircrew as a whole. sufficiently useful for entry into the survey.

The Questiommire. Qualifications and Exnerience of Respondents.

The questionnaire had 5 main parts. The first The age of the respondents ranged from 22 to 54
asked for personal details white the second years (mean 33.2, std dev 5.9 and mode 32). 20"
concerned flying experience, qualifications and of respondents were Qualified Instructors (OIts),
currency. 59% were Aircraft Commanders (Ac Comds) and 22X

were Co-Pilots. Total Flying Hours ranged from
The third section asked for details about 79 to 8869 (mean 1903, std dev 1499). Total
disorientation broken down over 2 periods - the flying hours in the previous 4 months ranged from
respondent's whole career and the 4 months 0 (null) to 241 (mean 89, std dev 51).
previous to the survey. For each period,
Identical and specific questions were asked about Almost all respondents were Rotary Wing (RW)
the incidence of disorientation and details were aircrew (8 were current on both Fixed Wing (FW)
sought of the 'worst' episode suffered, and RW aircraft, while 6 were current on FW
information wee requested on aircraft type, aircraft only).
equlimnt In use, sortie type, experience at the Incidlen of Disorientation.
time of the episode, flight conditions, flight
manosuvres, crew position, state of health and Over the whole of the respondents' flying
state of mind. Brief narrative descriptions were careers:
requested as well. 'Break off' was specifically
excluded (except for a specific request for 34 (10) had never been disorientated.
information on its incidence) as was
'geogrsphicat disorientation' (or getting lost). 281 (83%) had suffered at least one
Underlying the whole section were definitions of 'minor' episode.
severity based on flight safety implications:

188 (56Z) had suffered at least one
S'MINORl' episdp were those in which 'significant, episode.
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82 (24%) had suffered at Least one Age-
'severe' episode.

There are several possible factors associated
In the 4 full caLender ironths prior to the with age that might have an effect on the
survey: incidence, severity or subjective assessment of

disorientation. For example, older age groups
140 (43%) had not suffered even a single may have flown a wider variety of aircraft under
episode. more (or Less) challenging conditions. The

results below - which are given for the record -
143 ("X) had suffered at Least one should therefore be interpreted with care.
'minor' episode.

When banded into five year age groups, there was
35 (11%) had suffered at least one a marginally significant relationship between the
'significant' episode. age of the respondenit at the time he fitted in

the questionnaire and the severity of his 'Worst
16 (SX) had suffered at least one Ever' episode (p=0.049). Younger respondents
'severe' episode. were more Likely than those who were older to

have graded their 'worst ever' episodes as
(These figures - which come from section 2 of the 'significant' and Less Likely to have graded them
questionnaire -are slightly at odds with those 'severe'. The strongest statistical relationship
that can be derived from section 3 where was obtained by breaking the respondents' ages
respondents were asked to describe their worst into 2 groups - age 35 or Less and age 36 or more
episode in the previous 4 month period. These (p=0.00051). Interestingly, no trends for
figures would show 37 (11%) had suffered a 'minor' episodes were apparent and when 'severe'
'significant' episode and 20 (6X) had suffered a and 'significant' episodes were amalgamated all
'severe' episode.) trends disappeared (p=0.89).

'Worst Ever' and 'Worst in the Past 4 Nontha' There was a highly significant relationship
episodes, between age and the Likelihood of reporting

disorientation in the previous 4 months. Older
There were 308 'Worst Ever' episodes described, age groups were LESS Likely to report an episode
(Of these 81 had occurred in the 4 months (p=0.0034 for 5 year age bands). However, no
previous to the survey and were analyzed for most significant trend could be established between
purposes with the '4 month' group in order to age and SEVERITY of the worst episode in the
avoid events being shared by both groups.) Of previous 4 months (p=0.748).
the remaining 'Worst Ever' group:

The confounding factors that exist in some of
50 (22%) were classed by respondents as these findings are exemplified by the results of
'minor', a review of the types of aircraft flown during

the 'worst ever' episodes. This showed a highly
109 (48%) were classed as 'significant'. significant difference for age groups 35 or less

and 36 or more (p=0.00001) with the older age
68 (30) were classed as 'severe'. group quoting a Lower frequency of Gazette and

Lynx aircraft and a higher frequaency of Scout or
In the 'Worst Episode in 4 Months' group (total 'other military' aircraft. There was NO
number = 186): significant relationship found between age and

the type of aircraft quoted in the '4 month'
129 (69%) were classed by respondents as worst episodes.
'minor'.

FLying Hours.
37 (20X) were classed as 'significant'.

Flying hours and age are closely linked. The
20 (11%) were classed as 'severe'. mixed picture that appeared for flying hours must

be assessed with the sane caution used for
Same of these '4 Month' episodes were from the -!onsidering the effects of age. Nonetheless,
Gulf War - stripping these out to produce there were interesting results.
'peacetime' figures Leaves 125 C(3, of non-Gulf
aircr-) 'whose worst episode had been 'minor', 32 No significant difference in flying experience -

(10) whose worst episode had been 'significant' in terms of total hours - could be demonstrated
and 12 (4X) who had suffered a 'severe' episode. between those who had been disorientated at Least

once and those who stated that they had never
Itetvat Factrs. been disorientated (mean hours = 1952 and 1882

respectively, T-test p=0.71).
To assess the influence of specified factors on
disorientation the severity of the 'worst ever' The peculiar non-linear relationship between
and 'worst in 4 months' episodes were analyzed flying experience (in terms of total flying
against details requested in the questionnaire. hours) and the severity of the 'worst ever'
For some factors it proved necessary to combine disorientation episodes is demonstrated in Table
the data from both the 'worst ever' and 'worst in 1 - which cites flying experience AT THE TIME OF
4 months' groups in order to achieve satisfactory THE EPISOOE against severity. No differences
I dbrs. Unless specified, all probability between the 'minor' and 'severe' groups are
figures reflect Pearson correlations derived from apparent whereas the intermediate 'SIGNIFICANT'
Chi Squared testing. group has a statistically significant LOWER Level

of experience. (Break doan of total flying
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hours showed that the pattern was no different spent Instrument Flying in the 4 months previous
for night, day and instrument flying.) A similar to the survey (whether 4imuLated, actual or both)
statistically significant picture was obtained and the SEVERITY of the worst '4 month, episode.
for charting flying experience AT THE TIME OF
FILLING IN THE QUESTIONNAIRE
against severity of the 'worst ever' episode. With regard to other weather conditions, no

relationship could be demonstrated between
The pattern was NOT repeated, however, for the overcast conditions and the severity of 'worst
'worst episode in the last 4 months' data (Table ever' or 'worst in 4 months' episodes (even when
2). Here the 'MINOR' group had the GREATEST the data were comabined). For rain, however, the
Level of experience, as one might expect. The combined groups showed a tendency for rain to be
differences between the 'minor' and the other 2 associated with increasing severity of episode
groups were statistically significant, bu, (p=0.011). This appeared to be particular y true
although the trend persisted into the at night (see 'light conditions' below). There
'significant' and 'severe' groups the difference was also a statistically significant relationship
between these was statistically very between snow effects and increased severity for
insignificant (p=0.88). the 'worst ever' episodes (p-0.012). This could

not be repeated in the 'worst in 4 months' data,
This Last pattern was repeated at a statistically probably because of lack of numbers (n=3); but
insignificant level when the severity of the when the data were combined the significance was
'worst episode in the past 4 months' was analyzed strengthened (p=0.0008).
against total career hours. No significant
relationship between severity of episode and the No increasing severity from episodes associated
total flying hours in the previous 4 months could with going in and out of cloud could be
be demonstrated, demonstrated, despite a Lot of comments from

respondents suggesting that they find this
Meteorological Conditions. particularly provocative.

Disorientation episodes were much more Likely to Light Conditions.
be 'significant' or 'severe' if they occurred
during VISUAL Meteorological Conditions (VNC) Both 'Worst ever' and 'worst in 4 months'
rather than during INSTRUMENT Mrteorological episodes we.re significantly more serious when
Conditions (I1C). This surprising result was they occurred at night (p=0.O002 and p=O.O001
true of both 'worst ever, episodes and 'worst in respectively). The pattern appeared the sane
4 months, episodes (p=0.01 and p=0.02 for both Night Vision Goggle sorties and normal
respectively). If cases of the 'Leans' were nipht flying (no significant difference could be
stripped out of the figures, however, the shown between the groups, p=0. 9 3

). No moon phase
tendency was for INC to be associated with effects could be shown during night flying
marginally MORE severe episodes (p=0.082 for the (whether on or off Night Vision Goggles) and r4
'combined' data). 'into sun' or 'out of sun' effects could be st,own

during day flying. No 'haze' effects could be
This picture of the differences between shown for any light conditions.
Instrument Flying (IF) and 'C flying was
supported by the responses to a question about Night flying also appeared to be generally more
outside visual references. Here, episodes provocative than day flying in that night flying
suffered during IF (including those 'under the (non-NVG) accounted for only 7% of total flying
hood') were significantly more likely to be rated hours, but accounted for 26% of 'worst ever'
as 'minor' in both the 'worst ever' and 'worst in episodes. The figures for N are 1% of flying
4 months' groups (p-0.0002 and p-0.003 hours and 5% of episodes. These figures are
respectively). Once episodes of the 'leans' were supported by the 'worst in 4 months, results
stripped out, no statistically significant (non-NVW 71 of hours and 12% of episodes, NVG 5%
differences could be demonstrated (p=0.165 for of hours and 17% of episodes). However - as with
both groups combined). If Light conditions were Instrument Flying - no relationship could be
considered in addition, however, statistical demonstrated between the number of hours spent
differences did occur - with Instrument Flight at Night Flying in the previous 4 months (whether on
night being associated with increased numbers of or off Night Vision Goggles) and the SEVERITY of
'severe' episodes (see 'tight conditions' below), the worst '4 month' episode.

J

Although overall episodes occurring during IF The effect of day/night conditions appeared to
were less severe than those occurring in VMC, spill over into Instrument Flying - daytime IF
they appeared to be much more frequent. The 5% did not appear to be more provocative than day
of total flying time that respondents had spent VMC flying (p=0.42), white night IF had an
on instruments produced 75% of the -worst ever' increased tendency to severity (p=0.015 if
episodes. Similarly, 71 of the flying time for episodes of the 'leans' are included, p=0.008 if
the 4 months previous to the survey had been they are not). This may reflect the increased
spent on instruments and this produced 80 of the risk of inadvertent IC entry at night - a
'worst in the pest 4 months' episodes. A number possibility strengthened by the similar pattern
of episodes in both groupe were cases of the for flight in rain (p=0.541 for day, p.0.0643 for
'leans' - but removing these stilt left 17 of night). The increased severity associated with
all episodes being generated by the 5% of total snow appeared to be independent of day or night
f) .ng time that toed been spent on instruments, conditions.

Despite the raised Incidence, NO relationship
could be demonstrated between the number of hours
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Outside Visual References. Familiarisation Flying and General Handling. The
PROVOCATIVE group alL had average marks of

No significant relationship DURING INSTRUMENT between 5 and 6 and comprised; Mountain Flying,
FLYING could be found between the severity of Simulated Instrument Flying and Actual Instrument
disorientation episodes and outside visual Flying. A Friedman analysis ranked them in that
references (as graded 'good', 'acceptable' or order (the last being most provocative) (Friedman
'bad' by respondents). p=0.O000).

For VISUAL FLYING, there was a trend for Aircraft Type.
increasing severity with worsening outside visual
references but this did not reach statistical Respondents were also asked to grade Aircraft
significance for the 'worst ever' group. For the Type in a similar marner to sortie type. (They
'worst episode in 4 months' group it was highly were specifically asked to consider aircraft type
significant at the p=OO01 level. For both and sortie type independently and to not allow
combined, the significance was heightened the effects of one to influence their views on
(p=0.000

8
9). Yet again, there were strong day the other.) Helicopters in common use were

/night effects (p=0.415 by day, n=74, and ranked by a Friedman analysis as; Lynx, Scout,
p=0.0071 by night, n=91). No differences were Lynx Simulator and Gazelle (with the Last being
detectable between the effects of different most provocative) (p=O.O00 4

). Mean scores from
grades of outside visual references on NVG and respondents were 3.30, 4.01, 4.14, and 4.30
non-NVG flight. respectively. There were too few assessments of

Fixed Wing aircraft for useful analysis (n=12).
Sortie Types.

An analysis of these 3 main helicopter types
Using General Handl ing/Fami I iarisat ion sorties as (Scout, Lynx and Gazetle) against the severity of
a standard, no significant differences in the 'worst ever' episodes revealed no statistically
severity disorientation episodes were detected significant differences, although there was a
for the following sortie types or conditions: trend for Scout to be over-represented in
Military Exercises, Observation and 'severe' episodes. For the 'worst in 4 months'
Reconnaissance, Armed Action, Casevac or Transit figures the trend was for over-representation of
Flying. (These figures are for the combined Lynx in 'severe' episodes. There are confounding
'worst ever' and 'worst in 4 months' data.) factors at play such as variations in flying

experience, solo flying and sortie types.
Troop Insertions showed a statistically
significant increase in 'severe' episodes Attempts to compare Lynx against Gazelle under
(p=0.016). Too few of these sorties were specific conditions revealed no significant
reported for further statistically significant differences in the severity of the 'worst in 4
analysis (n=23), but no changes in the pattern months' episode for ordinary night flying
were apparent when breaking the sorties down by (p=0.50), day flying (p=0.33), IF (p=0.328) or
day/night/nvg. There are a number of confounding outside visual references (p=0.246). During NVG
factors present in this result - for example, use there was a trend for Lynx to be associated
most troop insertions were in Lynx, Scout or A109 with episodes of increased severity (p=0.095).
aircraft and only 2 involved the Gazette. Nine This is interesting when put beside the
were in Northern Ireland and 5 in the Gulf. likelihood of 2 crew members being disorientated

at the sane time (see 'Other Members of the Crew
Instrument Flying sorties showed NO statistically Disorientated' below). Also interesting are the
significant difference to the 'standard' sorties results of the analysis of flying manoeuvres,
although the trend was for a relative over- when broken down by aircraft type (see 'Flying
representation in 'minor' episodes (p=0.084). Manoeuvres' below).
When cases of the 'leans' are excluded the
figures become insignificant (p=0.433). No Flying Mano(:uvres.
differences were detectable between Instrument
Flying in simulated or actual conditions (p=0.998 A mostly unsuccessful attempt was made to assess
with the 'leans' included and p=0.644

1 when they the influence of various flight paths or
are not). Similarly, there were no significant manoeuvres (straight and level, turning,
differences or apparent trends when Instrument ctimnbing/descending or accelerating/decelerating)
Flying in 'actual' conditions was analyzed by comparing then against each other DURING
according to whether it was for training or non- INSTRUMENT FLIGHT. The combined 'worst ever' and
training purposes. 'worst in 4 months' data were analyzed.

Mountain Flying Sorties (n=17) showed NO trends Using straight and level flight as a 'standard',
compared with the 'standard' sorties (p=0.407). no trends in the severity of episodes could be

discovered for any manoeuvres, except for an
These results are at odds with the subjective over-representation of 'significant' and 'severe'
views of respondents who were asked to grade episodes during acceleration or deceleration
sortie types on their likelihood to provoke (p=0.0 6 9

). The trend was made marginally
disorientation using a scale of 1-7 where one was stronger when considering Gazette aircraft alone
'much Less likely to induce disorientation than (p=0.051) despite the reduction in numbers (n=34
other types', 4 was average and 7 was 'much more from n=59). Using Gazelle aircraft alone, an
likely to induce disorientation'. Two distinct increase in severity for episodes involving
groups were generated. Those that were NOT seen climbing or descending also became apparent
as provocative had average marks of between 2 and (p=0.054 as opposed to p1=0.232 for all aircraft
3 and comprised; Military Exercises, Observation types combined). Manoeuvres involving
and Reconnaissance, Armed Action, Casevac, acceleration or deceleration also frequently
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involved climbing or descending (8nl of Gazelle Similarly, Aircraft Commanders flying with
accelerations/decelerations, 85% of alt aircraft Aircremmen had more 'significant, and 'severe,
accelerations/decelerations) - it is therefore episodes than when they flew with Co-piLots
difficult to analyze these manoeuvres by (p=0.027).
themselves. If episodes of the 'Leans' are
excluded from the analysis, no significant The 'worst in 4 months' group showed no
relationship could be demonstrated between statistically significant trends (but the number
severity of episode and any manoeuvre of solo aircrew was only 16). When the 2 groups
(irrespective of aircraft type) - but this may were combined the significance levels rose. (For
partly reflect the reduced numbers in the example, the increase in severity when an
equations. Aircraft Commander was flying with an Aircrewman

as opposed to a Co-pitot reached p=0.00029
. The

A similar picture was produced when manoeuvres difference persisted both %MC and IMC; p=0.005
were analyzed by their presence or absence during and p=0.06 respectively.)
an episode - rather than against a 'standard'.
Table 3 gives the results. Both climbing (or Other Hembers of the Crew Disorientated.
descending) and accelerating (or decelerating)
were associated with increased severity of In 41 (18%) of 'worst ever' episodes both front
episodes - until cases of the 'Leans' were seat crewmembers were disorientated (in 22 the
removed, following which no significant Aircraft Commander reported that his Co-pilot or
relationships could be demonstrated. For Aircretaan had also been disorientated, in 19 it
climbing or descending the significance level was vice versa). One Ac Comd reported that a
remained about the same when the Gazette was full crew in another aircraft had also been
considered by itself (p=0.0484) despite the drop disorientated; Episodes involving disorientation
in numbers. This was not so for of both crew members were more likely to be
acceleration/deceteration, where the 'all graded 'severe' and Less Likely to be graded
aircraft types' date was more significant 'significant' (p-0.0166). Comparison within this
(p=0.00718) than for the Gazelle alone (p=0.10). group showed differences in severity dependent on
There was no significant relationship between the the other crewmember's position. If the other
incidence of the 'Leans' and the Gazette when crewmember was the Commander the episode was more
compared to other aircraft (p=0-.35). Likely to be 'severe, white if he was a Co-pilot

it was more likely to be 'significant' (p=O.O 35 ).

It was felt that there were too many confounding

factors present for any sensible analysis of The picture was similar for the 'worst in 4
flight manoeuvres occurring OUTSIDE Instrument months' group. In seven of these episodes (4%) a
Flight. Differences were present, however, with Co-pilot stated that his Aircraft Commander had
indications of type specific influences. (For also been disorientated, while the reverse was
example, episodes involving true in 18(10%) of episodes. Again, theepisode
acceleration/deceleration in the Gazelle were was much more likely to be 'significant' or
associated with increased severity (p=0.0012

9
). 'severe' if the other cretmember was

No such association existed for Lynx (p=0.858)). disorientated (p=0.00008).
These results should be treated with caution both
because of the confounding factors mentioned When the data from the 'worst ever' and 'worst in
before (which would include variations in pilot 4 months' were combined, the other crewmember was
experience, sortie type and Location) and because disorientated in 24% of episodes involving non-
of differences in the numbers of each aircraft "NG flight at night. For NVG flying the figure
type considered, was even higher at 4%. This association between

Night Flying and the likelihood of another
Crew Position. crewmember being disorientated at night was

statistically very strong (p=0.00001) and was
'Worst ever' episodes were more likely to be true for both non-NVG flight (p=0.0063) and NG
'severe' and Less Likely to be 'significant' for flight (p=0.O0000). Furthermore, NVG flight was
those who were the Aircraft Commander at the time significantly more Likely to be associated with
of the episode when compared to those who were disorientation in another creumember than non-MNG
the Co-pilot (pO.0003). This pattern is not the night flight (p=0.0379).
result of Instrument Flying Training (during
which any pilot might become a Co-pilot 'under Lynx aircraft showed a greater tendency for more
the hood') since it was unaffected by stripping than one crewmember to be disorientated than did
out episodes of the 'Leans' (plO.0 3 ) or when the Gazette (p=0.073). Further analysis showed
conside'ing VMC flying only (p-0.07). no difference between these aircraft for Day

Flying (p=0.95) or for Instrument Flying
This difference between aircraft commanders/co- (po0.456). There were differences for Night
pilots was not repeated in the 'worst episode in Flying, however, (p=0.00726). This type specific
4 months' data despite the very similar numbers difference appeared to be directly related to NG
(p-G.48). The combined groups showed a pattern flight (p=0.969 for non-NVG flight, p=0.0929 for
similar to that of the 'worst ever' group alone. NG flight) and it was not easily explained by

variations in aircraft types used in the Gulf or
Nlumbers in Crew. Northern Ireland (p=0.638) or by overall NVG

flying hours (p=0.17).
For the 'worst ever' group, the crew composition
had a significant effect on the severity of Aircrew QuaLifications.
episodes. 'Severe' episodes were more Likely to
have occurred to solo aircrew rather than 2-pilot An analysis of the data for the 'worst ever'
or pitot/aircretman combinations (p=0.007). group revealed no statistically significant
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differences in severity between respondents who REDUCED severity (p=0.0
4

5).
were Aircraft Commanders and those who were QHls
at the time of the episode (p=0.42). Episodes For the 'worst ever' group, 122 had been
were, however, more likely to be 'severe' and undistracted at the time of the episode. 46 had
less likely to be 'significant' for Aircraft been distracted by flying matters, 14 by non-
Commanders when compared to Co-pilots (p=0.002). flying matters and 1 by both. There was no

significant association with severity of episode.
Interestingly, no statistically significant For the 'worst in 4 months' group the figures
relationship between aircrew qualification and were; undistracted 112, distracted by flying
the severity of the 'worst in 4 months' episode matters 29, distracted by non-flying matters 16
was discernible, although the trend was for and distracted by both 3. There was a
increasing qualification (from Co-pilot through significant association between being distracted
Aircraft Commander to QHI) to be associated with (for whatever cause) and the likelihood of a
reducing severity (p=0.29). This trend might 'severe' episode (p=0.028). This relationship
become more significant if allowance was made for disappeared, however, when both groups of data
varied flying rates, since QHIs flew a were combined (p=0.25).
significantly more number of hours than other
aircrew (p=0.009). When comparing Lynx and Gazelle aircrew, the

Latter were more Likely to have been distracted
Also of interest was the tack of a statistically by flying matters but at a 'trend, level only
significant relationship between Instrument (p=0.09). If solo aircrew are removed from the
Rating (graded Amber, White, Green or Master analysis the probability level drops to 0.14.
Green) and the severity of the 'worst in 4
months' episode (p=0.43). Furthermore, no No significant differences in severity of
statistically significant association could be episodes could be discovered for those who had
found between severity and a lapsed Instrument taken alcohol in the previous 24 hours and those
Rating (n=14 for those who had flown during the that hadn't. 58% of the 'worst ever' group and
period), although the trend was for a lapsed 7'9 of the 'worst in 4 months, group specifically
rating to be associated with increasing severity stated that they had not taken alcohol in the 24
(p=0.11). hours previous to the incident. Only 1O0 of the

former and 6% of the Latter stated that they had
Equipment. taken alcohol, the rest were unable to remember.

A number of equipment influences were reported, Perceptual Factors.
ranging from the Lynx Armoured seat (0 report)
through clothing and survival equipments to Infra The description of each episode was analyzed to
Red sensors and Night Vision Goggles. In yield information about which senses had been
general, too few reports were generated for each involved and whether the problem had been due to
for satisfactory analysis - although Night Vision an illusion or due to a failure to perceive what
Goggles were associated with an increase in was happening (many were mixed, of course).
severity of disorientation episodes (p=0.00003). Tables 4 and 5 give figures for the breakdown of
The important findings for Night Vision Goggles, the 'worst ever' and 'worst in 4 months' groups
however, might be considered to be the high respectively.
incidence of disorientation, the lack of
difference when compared to ordinary night flying When broken down by senses no statistically
(reported earlier under 'Light Conditions') and significant association could be derived between
the differences noted above under 'Other Members severity and whether the problem had been an
of the Crew Disorientated'. illusion or a failure to perceive. For all

senses amalgamated, however, a fai lure to
State of Health and Mind. perceive was significantly associated with an

increased risk of a 'severe' episode (p=0.002 for
For the 'worst ever' group 196 respondents the 'worst ever' group and p=0.00000 for the
reported that they had been healthy at the time 'worst in 4 months' group). Episodes of the
of the incident, compared to 4 who had had minor 'leans' were classed as illusions and when these
problems (2 minor illnesses, 1 backache and 1 were stripped out, the pattern was Less evident
hangover). The figures for the 'worst in 4 (p=0.15 for the 'worst ever' group and p=0.003
months' group were similar (160 healthy, 3 minor for the 'worst in 4 months' group).
illnesses and 1 hangover).

In the 'worst ever, group, 14 episodes involved a
For the 'worst ever, group 129 had been alert, 66 missed descent or ascent (5 were associated with
tired and 8 very tired. Seven had been bored. a missed turn as well) and 12 involved
No statistically significant relationship could unintentional sideways or rearwards flight. For
be shown between the severity of the episode and the 'worst in 4 months' group the figures were;
being tired or very tired (p=0.28

3
). The figures missed ascent or descent 7 (3 with a missed turn)

for the 'worst in 4 months' group were; alert and unintentional sideways or rearwards flight 5.
117, tired 4", very tired 6, and tired and bored (In neither group were there any missed turns by
3. In this group, being tired or very tired was themselves.) When both groups of data were
associated with increased likelihood of a combined there was a strongly significant
'severe' episode (p=0.022). increase in the severity of disorientation for

those respondents who were victims of
When the data were combined, being tired or very unintentional flight manoeuvres when compared to
tired was associated with an INCREASED likelihood those that were not (p=O.O0000). This remained
of a 'significant' or a 'severe' episode true when cases of the 'leans, were stripped out
(p...0164) while being bored was associated with (p=O.037).

.1
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Operational Circumstances. those respondents who reported at Least one
episode in the previous 4 months showed no

TabLe 6 gives a breakdown of the circumstances apparent reLationship with totaL experience,
for the 'worst ever' and 'worst in 4 month' aircrew quaLification, unit or aircraft type.
episodes, as derived from respondents' There was a trend for aircrew with an amber or
descriptions. white instrument rating to be more Likely to

suffer than those with a green or master green
A series of Chi-SqJare tests on the data from the rating (p=0.056). This might partially refLect
2 groups combined showed that there were other factors such as confidence. There were too
significant differences in severity, with routine few sufferers with Lapsed ratings for a
INC fLight being associated with reLatively few meaningfuL analysis.
'severe' episodes while inadvertent entry into
INC, whiteout (or simiLar) and poor visual cues Disorientation Training Sorties,
in acceptabLe visibiLity were alL associated with
increased severity (p=0.0000). Chi-Square tests Respondents were asked to rate the vaLue of the
on the Latter grou.p showed that poor visual cues disorientation training sortie by ticking one of
had the Least reLative impact whiLe inadvertent 5 boxes. Table 10 records the results - which
entry into INC entry with VNC recovery had the were very much in favour.
most (p=0.0023). In between - and at such the
same severity as each other - were Inadvertent SurprisingLy, there was no significant
INC with IF recovery and whiteout/brownout. A relationship between fLying experience and the
comparison of recovery to VMC fLight against Likelihood to consider the sortie 'neutraL' or
recovery to Instrument FLight fotLowing 'harmfuL'. It had been expected that the older
inadvertent entry to INC showed that the and more experienced aircrew wouLd be Less LikeLy
reLatively increased severity associated with the to be enthusiastic.
former was marginaLly significant (p=0.066).

No significant reLationship couLd be discovered
Effects on Aircraft Control. between views on the sortie and currency on

different aircraft types, severity of the worst
Table 7 is derived from respondents' descriptions episode ever suffered, aircrew quaLification or
and details the apparent effects of the different instrument rating.
episodes on aircraft controL.

Aircrem Cauts,
In only 30% of 'worst ever, and 57% of 'worst in
4 months' episodes had the respondent been able Aircrew were asked to comment on any matter that
to work through his disorientation without they considered reLevant. These are not reported
effects on aircraft control. This is not to say here - but about 480 separate comments were
that controL effects were aLways serious, received. Stability Augmentation Systems, fulL
However, flight safety was jeopardised by Navigational Aid Suites and better instrument
definition in 24% and 6% of each group ergonomics were seen as beneficial measures.
respectively (since those are the rates for Equally, the increasing pressure from non-fLying
'severe' incidents). Many stories were horrific- 'soLdierlike' duties was seen as an emerging
for example in one episode (classed by the threat to professional - and safe - military
respondent as 'significant' rather than flying.
'severe'(l)) a Lynx did 10 pirouettes while
Lending in formation with 6 others. DISOCJSSIO,

Disorientation is so muLtifactoriaL that a survey
GeoarashicaL Location. such as this is bound to fLag Lip more questions

than it answers - particularLy since the results
Table 8 breaks down the disorientation episodes are based on aircrew perceptions and are thus
by geographical heaviLy subjective. NonetheLess, interesting
Location. It should be emphasised that these information was produced on the incidence and
Locations are only genesis of disorientation for both the 'snapshot'
those deducibLe from the descriptions - it was a 4 month period and for the Longer 'complete
failing of the questionnaire that it did not career' timescate.
specifically ask for the Location. Using
Germany, the Low Countries and UK (Less Middle Incidence.
WaLLop) as a 'standard', no statisticaL
difference in severity of episode could be The findings that 90% of aircrew had been
discovered for Northern Ireland or Norway in disorientated at some time in their career and
either group. There was, however, a highly that 24% had suffered at Least one episode in
significant increase in the severity of episodes which flight safety had been jeopardised are
being reported from the Gulf (p=0.004). broadLy similar to the results from other surveys

although variations in definitions make
res. Off. detaiLed comparisons difficult (4,5,6,8).

Tables 9 gives the nwiders of respondents who More interesting is the 'snapshot' incidence over
reported 'Break Off' phenomenon (using the same the 4 months previous to the survey. Here it is
definitions of severity) 'at asme point during difficult to quantify the effect of the Gulf War
their career' and 'in the 4 months previous to since the knock on effects influenced fLying
the survey'. Although the survey was not rates and other factors elsewhere. There is no
designed to review factors that might be involved doubt, however, that alrcrew found flying over
in 'Break Off, phenomenon, a brief anaLysis of the desert particularly disorientating.
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Including the Gulf figures, therefore, gives a instrument qualification seemed to be in the area
'maximum' incidence of disorientation in the 4 of 'break off' - and here it was marginal only
months previous to the survey, revealing that 6% (and liable to the influence of other confounding
of Army aircrew suffered 'severe' episodes (i.e. factors such as individual confidence). This
episodes in which flight safety was put at risk). lack of association between Instrument Rating and
Excluding the figures from the Gulf should severity of Cisorientation is in alignment with
produce a 'minim.m' rate since the knock on the finding of Vyrnwy-Jones that aircrew in US
effects in other theatres were in general more Army Orientation Error accidents had much the
likely to reduce the incidence of disorientation same overall flying and Instrument Flying
(reduced flying rates etc.) This 'minimum' rate experience as those of a control group whose
is 4% and the true 'peacetime' rate might accidents were due to technical failure (7).
therefore be slightly higher at about 5%. This
is disturbingly high, although it should be noted Also expected was the association between
that seasonal factors may well play a part in the severity of episode and whether or not the other
incidence of disorientation and this rate is not crew member was disorientated. The high
'annualized'. frequsency of both memboers being affected was a

surprise although it has been commented on in
Also disturbing is the 'wartime' rate thrown up other surveys (5,7). The Levels were
by the Gulf. The actual flying rate in the Gulf particularly serious for Night and NVG flying -

was significantly LESS than in other theatres the fact that ALMOST HALF (44%) of NVG episodes
(Mean 58, std dev 45 compared with mean 91 std involved disorientation of both crew must be of
dev 51, T-test p=0.005) and this highlights the concern to operators and should Lead to efforts
significant increase in 'severe' episodes to improve cockpits and operational procedures.
suffered by Gulf aircrew when compared to aircrew
in UK or Germany (p=O.004). This high rate from For such a subjective and 'perceptual' event as
the Gulf reflects the difficulties of the disorientation, the effects of being tired were
terrain, climate and operational scenario, not a surprise. Indeed, it might be considered
Future wars may have different sets of that the association between tiredness and the
circumstances, but commianders should be aware perceived severity of episodes was not as strong
that disorientation is not just a peacetime as it could have been. When both sets of data
problem and may affect wartime attrition rates. were combined, and 'severe' and 'significant'
This point has been raised before (7). episodes were amalgamated, the significance Level

reached pr0.0164 - which is Less than for many
The finding that Loss of flying control is so other factors analyzed. This most certainty does
frequent a concomitant of disorientation (43% of NOT mean that these effects should be ignored -
respondents had had some toss of control in the they wilt become more and more important as
previous 4 months) also points to the fact that operating pressures increase as a result of
although disorientation has been studied for many financial constraints and the introduction of new
years there are insufficient measures a in equipments.
place to protect aircrew from its effects.

Similarly, the finding that distraction during
Ietevant Factors. flight was associated with increased numbers of

'severe' episodes (at least for the 'worst
Aircrew Factors. episode in the past 4 months' group) is

unsurprising but worthy of attention.
The multiplicity of factors involved in
disorientation showed up in many results - for That boredom was associated with the opposite
example in the peculiar finding that sufferers of trend of REDUCED levels of severity was
'sigificant' episodes had statisticatly fewer interesting and might reflect the possibility
flying hours than those who suffered 'minor' or that one is only likely to be bored if there is
'severe' episodes. Buried in amongst a number of plenty of flight safety margin in hand. It
confounding factors (such as variations in proves the point that if operators make aircraft
aircraft types) may be 2 conflicting trends easy to fly and boring they are Likely to be
associated with greater flying hours - an safe!
increased chance of suffering a particularly bad
experience and an increased likelihood of being Crew health proved satisfactorily irrelevant in
sanguine about Less severe episodes. Only that very few respondents were anything Less than
further study could tease out the relevant fully healthy at the time of their episodes.
factors. Similarly, the lack of association with alcohol

is a testament to the awareness of modern
The association between both crew position and aircrew.
crew numbers to the perceived severity of
episodes was expected - since either would affect The attempt to break down narrative descriptions
the extent to which flight safety was threatened. to yield the prime body sense involved should be
An expected association that did not materiaLise, treated with caution because it was highly
however, was that between Instrumnt Rating and subjective. Helicopter flying is a very visual
severity of disorientation. Since the classical occupation and so it was no great surprise that
I'cure' for disorientation is to get onto 40% of the episodes that could be easily classed
instruments, a higher qualification might be as visual or vestibular appeared to be visual in
expected to ease the severity of the episode but origin. Neither was it a surprise that poor
this did not appear to be the case (at least for external visual references were associated with
the data from the 4 months previous to the survey increased severity of episodes, although it was
-data for the other group was not sought). interesting that type 1 errors (when aircrew are
Indeed, the only protection given by a higher unaewre of the problem) accounted for about 50%
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of episodes involving vision. As expected, type (The reverse might equatly be true, of course,
1 episodes (irrespective of sense involved) were and Troop Insertion might appear more
marked by aircrew as being more serious in terms disorientating simply because of its association
of flight safety. with Lynx NVG operations).

Operational Factors. It was interesting that no statistically
significant increased severity of episodes could

For Instrument Flying the picture produced was be detected for Nountain Flying sorties. The
one of much increased INCIDENCE but of only subjective feelings of aircrew were strongly that
marginally increased SEVERITY of episodes (once Mountain Flying rated with Instrument Flying
the 'leans' had been stripped out). Indeed the (both SimuLated and ActuaL) as a source of
severity of episodes occurring during daytime IF disorientation. It is possible that - just as
appeared very similar to that during day Visual Instrument Flying is associated with an increase
Flying episodes. It was only at night that IF in incidence but not of overall severity - so
was associated with an apparent increase in Mountain Flying might lead to more episodes which
severity over Visual Flying - and this may are not in themselves particularly severe.
reflect the increased chances of inadvertent INC ALternatively, the number of mountain flying
entry at night. This is not to say that episodes (n=17) may have been insufficient to
disorientation during daytime IF is benign (1OX detect any associated variations in severity.
of cases were 'severe, and 34X 'significant').
Operators should remember that not only is Associated closely with differences in sortie
anything that jeopardises flight safety a matter type is the question of geographical Location.
for concern but that it wilt affect efficiency at The questiomaire did not specifically ask for
carrying out the sortie task. In other words, information on location but so many narratives
measures to reduce disorientation would have included this information that some comparisons
benefits in the area of efficiency as well as the were possible. It was expected that Norway,
area of pure flight safety. Efficiency might be Northern Ireland and the GuLf would produce the
particularly 'geared up, during operational most severe episodes of disorientation but in the
scenarios involving high workload an other event a significant relationship could only be
stresses. shown for the last. This probably reflects

operational, terrain and climatic factors.
Inadvertent 114C proved to be associated with a
greater severity of episodes than any other Aircraft and Flight Path Factors.
isolated operational circumstance including
whiteout/sandout/dustout. This may reflect the The propensity of Lynx to be associated with more
fact that the Loss of visual cues is particularly than one crewmember being disorientated
difficult to cope with because it is unforeseen. simultaneously has been mentioned above. This -
Disorientation appeared to be a greater threat to and the marginally increased severity of Lynx NVG
flight safety when inadvertent INC was followed episodes in general (when compared to Gazelle) -
by recovery to Visual Flight rather than when it was unexpected. The Army version of the Gazelle
Led to Instrument Flight. This could either be a has no Stability Augmentation System and it was
function of circumstances preventing Instrument thought that any differences in aircraft type
Recovery (e.g. icing risks) or it could reflect would be likely to point to the Gazelle as being
the safety value of a climb to attitude and a more disorientating. This latter view was
call for radar assistance. supported by the ratings given by the aircrew

which classed the Gazette as significantly
The fact that Night Flying (both non-NVG and KNG) 'worse' than the Lynx. It was also supported by
was associated with a greater incidence and a the tendency for manoeuvres in the Gazette to be
greater severity of episodes was also expected associated with increase in severity (both during
(previous surveys have found the reduced cues of Instrument Flight and during Visual Flight)
night time provocative (4)). It had been whereas no such association appeared to exist for
expected that MNW flight - with the associated the Lynx. This might be a spurious result and
reduced field of view and reduced visual acuity - should be treated with caution - confounding
might be more provocative than non-NVG night factors such as differing Levels of aircrew
flight but this did not prove to be the case experience make it difficult to interpret.
(presmably because NVs do at least atLow you to Nonetheless, these findings support intuitive
see somthing even if the image is unnatural and expectations as well as aircrew opinion.
of comparatively poor quality). It is difficult
to explain the Increased propensity for Lynx Aircraft specific factors provide an area worthy
(when compared to Gazette) to be associated with of future research.
0OTH crsembers being disorientated during Might
Flying. The effect appears to be related to WN mreak Off Pwlinian.
use and hypotheses that it might reflect
different geographical locations or varying WN The rumbers of rotary wing aircrew reporting
flying rates appear unfounded. It may be a true 'Break Off, confirmed previous reports that it
aircraft type difference - since the Lynx has a does happen in helicopter aircrew (1,3,4,8). A
less open cockpit than the Gazelle- but caution total of 9% of Rotary Wing respondents had
should be used in interpreting the result because suffered a 'severe' episode (the sm definitions
Lynx aircrow do differ from Gazelle aircrew in being applied as for other episodes of
experience and the aircraft types do have disorientation). ane reported an 'out of
different roles. In perticular Troop Insertion cockpit' experience with the coment that
(which was found to be a particularly .. .there is nothing like seing your aircraft
disorientating sortie type) Is Likely to be a start dropping out of control to get you back in
Lynx role which might be undertaken on NVWs. the cockpit sgin.... The finding in this
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survey of an apparent relationship with
Instrument Rating is interesting but may be a
product of personal qualities such as
#confidence' -after all, 'Break Off' is a
psychological more than a physiological event.
More research is needed into how this interesting
phenomenon affects the helicopter community.

Wis"ientation Training.

The whole hearted support of the aircrew for the
airborne disorientation training sortie was
reassuring. The sortie is effective in teaching
aircrew that their abilities in the air are
Limited but it unfortunately concentrates on the
'non-visuaL' element of disorientation (in that
aircrew are asked to sense various manoeuvres
with their eyes effectively blindfolded). It is
difficult to introduce 'visual' illusions but
consideration should be given to developing an
appropriate sortie.

Finat cUmmet.

This survey has shown that disorientation
continues to be a problem in UK Army helicopter
operations. Continued pressure is necessary to
ensure that:

- Research and Development of improved
Instrument Displays and other systems to
present information continues.

- Operators are made aware of the effects
of equipment such as NVGs.

- operators are made aware of the effects
of Human Factors such as state of mind.

. Aircraft are property equipped to
minimise both the risks of inducing
disorientation and its effects (measures
should include full stability systems and
appropriate Navigation Systems)

It may be expensive - but aircraft and aircrew
Losses are even more so.

Sincere admiration and thanks are due to all the
aircrew who responded to the questionnaire. Not
only did they take the time and trouble to fill
in the 10 sides accurately but they also gave
deep consideration to the problem of
disorientation and how to prevent it. As
always, their sense of humour made it a joy to
read their resposes.

t
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Severity of Worst Ever Mean FLying Hours of Standard Comparison with the
Episode. Respondent AT THE TIME OF Deviation middle (,Significant')

THE EPISODE group.

(T-test)

'Minor' 1090 1400 Different p=0.031

,Significant, 723 681

'Severe' 1114 1013 Different p=0.006

TABLE 1. Grade of Worst Ever episode suffered against Ftying Experience AT THE TINE OF THE EPISODE
(excluding reqondents uwhoee worst episode was in the 4 months previass to the survey).

Severity of Worst Mean Flying Hours of Standard Comparison with the first
Episode in the Respondent AT THE TIME OF Deviation ('Minor') group.
previous 4 months. THE EPISODE

__________________ ____________________ j ____________ jiT-test)

'Minor' 1599 1417 (T-test)

'Significant' 1019 890 p-0.02

'Severe' 986 688 p=0.004

TABLE 2. Grade of the Worst Episode in the previous 4 mnths against Flying Experience AT TIE TIME OF THE
EPISODE.

Flying Manoeuvre Association between manoeuvre Association between manoeuvre

and severity of episodes. and severity of episodes.

(INCLUDING cases of 'Leans'). (EXCLUDING cases of 'Leens').

Straight and Level Nit. Nit.
___ ___ ___ ___ (P.0.4

9
q7) (p__0.667___

Turning Reduced severity (p=0.00506) NiL.(p=0.230)

Ctimb/descent Increased severity. (p=0.0454) NiL.
(p=0.640)

Acceleration/ Increased severity. Nit.
deceleration. (p-0.00718) (p-0.855)

TABLE 3. The severity of episodes for different flying mamoeuvres when cmpered to m, ises not invlving
those mmnwmmsuss. (Data fro 'worst ever' and 'worst in 4 innt' m s combined, Instrument Ftying only).

Body Sense Failure to Perceive Illusion

Vision 19 33

Vestibular Organs 1 (excL 'leans') 73 (inct 'tens')

Mixed 29 38

Others 'Break Off' 'Central - nil.
Processing Failure'

" 9.

TABLE 4. So* a• nd €•oatlwr rae for 'Faiturl to
Perceive, or 'lttusion' (js4.d an the met iopmrtat e9m1 t in the history). qftrat Ever' group.
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Body Sense Failure to Perceive J Illusion

Vision 15 30

Vestibular Organs 1 (exct 'Leans') 70 (inc 'leans')

Mixed 15 22

Others 'Break Off' 'CentraL - 2.
Processing Failure'

- 2.

TAU.E 5. Body ae nd copwative rates for 'FaiLure to
Perceive, or 'ILLusion' (judged an the most important elemnt in the history). 'Worst in 4 months' group.

'Worst ever' group I 'worst in 4 months' group

Routine INC flight 96 (45%) 
86 (50%)

(inct 64 'Leans') (incI 76 'leans')

'Whiteout' or similar Loss of 9 (4%) 8 (5%)
visibility

Inadeertee.t IN1C 20 IF recovery (6%) 5 IF recovery(3%)

____________ 1 1C0 recovery(9%) 5 IF recovery(3%)

Visibility OK but visual cues 57 (27%) 50 (29%)
aient/uisteading

Others 16 (7%) 13 (U%)

TABLE 6. Circmstances of 'worst e~r' and 'worst in 4 months' episodes as derived from reqxonhents'
descriptions.

'Worst Ever' group 'Worst in 4 months'
groep

Able to work through it 54 (30%) 77 (57%)

* W ary Loss of flying control 46 (26%) 22 (16%)

Handed over control 26 (15%) 7 (5%)

Not on controls (includes a number who took 16 (9%) 11 (8%)
control to regain orientation)

Lknble to recover to normal flight 11 (6%) 4 (3%)
(accidents, heavy landings etc.) _ _ _ _ I

Others 25 (13%) 15 (11%)

TABLE 7. TI* effects of dimorentation an *ircraft Control.

t
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S'Worst Ever' groM 'Worst in 4 months, group

Mortheen Ireland 27 (12%) 19 (10%)

Norway 13 (6X) 3 (2%)

Germany/Low Countries/CharneL 23 (10%) 6 (3%)

UK (Less Middle Wallop) 13 (6X) 10 (5%)

MiddLe Wallop 44 (19%) 18 (10%)

Far East/Africa 3 (10%) nit
/Medi terranean

FatkLands 2 (0%) nit

BATUS 2 (1%) nit

Gulf/Iraq 5 (2%) 21 (11%)

Others/undefined 95 (42%) 109 (59%)

TABLE 8. Geographical Location of episodes.

SAt least one episode during During the 4 months previous to
whole career survey

'Minor' 54 (16%) 10 (3%)

'Significant' 23 (7%) 5 (1.4%)

'Severe' 9 (3%) 1 (0.3%)

TABLE 9. IMders of Notary Wing aircrew reporting at least one episode of Brek Off' phenommnon 'dring
the respondent's uhole career, and 'during the 4 monthe previous to the surwey'.

Aircrew Views II

Beneficial N-'> Neutral < --- > Harmful

180 75 63 4 nit

TAILE 10. Aircrem vime on the Dieo•ientation Training Sortie (nuiers of respondets marking each box).
A mber put wroau to indicate that their opinion us off the scaet to the Left.

1. EDGINGTON K, BO CJ. Disorientation in Army Helicopter Operations. J.Soc. Occu. Ned. 32: 128-135.
M~L

2. VYRNIWY-JONES P. A Review of Army Air Corps Helicopter Accidents, 1971-82. Avist. Soace Environ. Ned
Vot: 56 5: 403-9. May 1905.

3. BENSON AJ. Spatial Disorientation and the 'Break-Off, Phenomenon. Aerosacce Ned. VoL 44: 944-52. 1973.

4. EASTWOOD H(, BERRY CA. Disorientation in Helicopter Pilots. Aerosoece Med. VoL 31: 191-9, 1960.

5. TOVMS FR, GUEORY FE Jnr. Disorientation Phenomena in Naval Helicopter Pilots. Aviat. Space Environ.
Ned. Vol 46& (4) 387-93. Ao- 1975.

6. CLARKE B. PIlot Reports of Disorientation across 14 years of FLight. Aerospace Medicine VoL 42: 70W-
712. 127I,

7. VYWEWY-JONES P. Disorientation Accidents and Incidents in US Army Helicopters 1 Jan 1960 to 30 Apr
1967. UMI RIort 88-3. March 19M.

S. STEELE-PERKINS AP. EVANS DA. Disorientation In Royal Navel Helicopter Pilots. In AGM Conference
Proceedtnm no. 255 wo 48-1 to 4-5. 1978.
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Illusions otolithiques au ddeoliage et Informations visuelles: Riflexlons A
propos d'un cas d'accident adrien

par

A. LEGER*, C. MARTIN, R. PARUS*

SEXTANT Avionique
Etudes et Concepts Avanic6s

BP 91 - 33166 St M6clard en Jalles Cedex, France

Centre d'essais en Vol
91228 Br6tir~ny sur Orge Cedex, France

BRinrn6 mentionn6e par Gillingham et Wolfe, reli6e aux illusions
somatograviques, dans une revue remarquablement

Les illusions otolithiques au d6coilage (take-off illusions) exhaustive des problames d'orientation spatiale en vol (7),
sont connues de longue date comme cause d'accidents accompagn6e d'une description qui souligne leurs
a6riens. Elles ont pour origine l'acc~l~ration + Jx de caract6ristiques tr~s st6r6otyp6es.
I'appareil qui, en se composant avec le vecteur gravit6,
produit une stimulation otolithique g6n6rant une sensation En fait, les illusions au d~collage ont dejA fait l'objet de
de cabr6 excessif (illusion somatogravique). Ce type nombreuses descriptions, ceci des la fin du second conflit
d'illusjon se manifeste essentiellement lorsque les mondial, en particulier par Collar (1946), ainsi que le
references visuelles sont insuffisantes (d6coflage de nuit, rapportent Buley et Spelina (1) dans leur revue des facteurs
environnement brumeux). Un accident ahrien ayant conduit pliysiologiques et psychologiques impliqu~s dans les
A la perte d'un avion de combat moderne est rapport6. Les accidents au d6collage par nuit noire (" Dark night takeoff
circonstances et les diff~rents paramttres de vol accident"). Ces auteurs soulignaient alors le probl~me des
(accelerations Jx et Jz, vitesse, trajectoire et altitude, actions informations visuelles d'attitude et l'inefficacit6 de la
pilote, ...) sent anabys6s. A partir do ces donn6os, Ia simulation de vol pour la prise en compte de ce ph6nomtne
stimulation otolithique r6sultante subie par le pilote au par l'entrainement. 11 faut 6galement citer les travaux de
cours dui vol a A-t6 reconstitu6e. L'6volution de cette M. Cohen sur l'effet des catapultages A partir de porte-
stimulation permet d'expliquer parfaitement les actions avions (3, 4, 5) qui ont compl6t6 ces descriptions en
effectu6es par le pilote, faisant de cet accident un exemple s'appuyant sur une s6rie d'6tudes experimentales en
typique d&illusion au d~collage. L'analyse de cot accident centrifugeuse, apportant ainsi des elements quantitatifs sur
a~rien montre qu'A aucun moment Ie pilote ne somble avoir l'intensit6 et la dynamique de ces illusions, ainsi que sur les
utilis6 les informations visuelles d'attitudo pr6sent6es dans interactions visuo-vestibulaires; mises en jeu.
le viseur tete haute de l'appareil. A partir de ces elements,
une raflexion est men6e sur los informations visuelles Le m6canisme de base commun A I'origine des illusions
d'orientation spatiale pr6sent6es dans les viseurs. Elle somatograviques repose sur l'ambiguR6 fondamentale qui
conduit I envisagor les diff6rentes solutions susceptibles de existe au niveau de la transduction m6cano-nerveuse
r~duire los risques de d~sorientation. L'introduction de otolithique. En effet, par principe, les capteurs otolithiques
systames de visualisation lies A la tete pose un certain ne peuvent faire A eux souls la difference entre I'effet de Ia
nombre de probltmes nouveaux dans ce domaine, mais composition d'une acceleration lin~aire dans le plan de la
ouvre Egalemont des perspectives int~ressantes. macule avec le vecteur gravitaire et le changement

d'orientation de ce m~me vecteur du fait d'une inclinaison
I. fINRODUCIONI~ de Ia tete (ft. 1). L'orientation de la force agissant sur la

macule est identique et g~nre un effet m~canique
Le r~le jou6 par la d~sorientation spatiale A I'origine des pratiquement similaire darn les deux cas. Cette ambiguit6
accidents a~riens a depuis longtemps clairement 6t6 etabli. est normaloment levee par I'apport d'informations
La plupart des forces atriennes ont maintenant entrepris sensorielles compl~mentaires, essentiellement d'origine
des programmes d'ontrainement dostin~s A diminuer visuelle ou canalaire qui, lorsqu'eles font defaut ou sent
l'incidence de ces accidents. En d~pit des progr~s volontairement fauss~es (simulation de vol), laissent la
inddniables qui ont r~sultd de I'amelioration des procedures place A une perception erronde do la situation.
d'entrainement et des efforts entrepris dans le domaine de
la presentation des informations de pilotage, la menace de Dans le cas du d~collage, ceci zonduit A iine perception
ddsorientation spatiale demeure totijours un risque d'attitude oxcessivement cabr~e de I'appareil ( par extension

pr~occupant. Dams une etude portant sur les cas du schema corporel) et, en l'absence d'informations
4fincapacitation en vol survenus ente 1970 et 1980 daens 'US cognitives pertinentes, A des corrections de trajectoire
Air force Rayman et Mc Naughton (14) reltvent 25 cas oi0 inappropri~cs. L'accident a~rien rapport6 ici est A ce titre
ce facteur a 66E formellement mis en cause. L~e d~collage de particutibrement d~monstratif.
nuit ou daons les nuaWo constituait le contexte de suwvenue

L dans 8 cas. L'actualitE de tels accidents est Egalement
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2. ANALYSE DE LACCIDENT -A 100 pieds AGLI les paramntres; de vol sont:

Apr~s avoir d~crit le contexte et le d6roulement du vol, le incidence, environ r
diff6rents 6v0nements feront I'objet d'une analyse facteur de charge, proche de 06
neurosensorielle prenant en compte les stimulations pente, environ - 100
otolithiques subies par le pilote. assiette, 4-0

-Au moment de limpact sur la piste on enrcgistre:
2.1. Contexts do l'aceldont

incidence, 13*, croissante
Les faits:' 36 secondes aprts le lAcher des freins un avion de facteur de charge, + 3,5 G, croissant
combat moderne s'6crase 2u bout de Ia piste de d6coilage. pente, - 100, d6croissante
Aprbs le d6coliage, l'ascension culmine A environ 450 pied5 assiette, environ + 3*, croissante
AGL (au dessus du niveau du sol). Le pilote eat tu6 et Vitesse verticale, environ 7000 pieds par
l'appareil totalement d6truit. seconde, d6croissante.

Conditions mitdorologlques: Une couche nuageuse peu La figure 2, qui pr6sente les trac6s de 1'enregistreur de vol
6paisse, elle se termine A environ 1500 pieds, mais dense les plus utiles A Is description de l'accident, r6sume la

recouvre le terrain. La base des nuages se siu A enio chronologie des 6v0nements.
160 pieds. Sous Ia couche, la visibilit6 est de 1700 m. Ic vent 2.3. Analyse neurosensorieile
est calme, le QNH A 1033 hPa et Ia temp6rature est de 7 OC.
Ces donn6es d6finissent une condition op~rationneIle A partir des donn6es issues de l'enregistreur de vol, il est
"Rouge Sp~ial". possible de se faire une Wde des stimulations agissant sur

lea macules otolithiques A diff6rentes phases caract6-
Exp~rience do pilot.: 11 s'agit d'un pilote considhr6 comine ristiques do vol. Ceoi ne petit pr6tendre repr6senter l'image
bon, dont le nombre d'heures de vol est inf6rieur A 1000, de la perception de la situation par le pilote, mais, dans ce
avec une expw6rience limit6e du vol en condition IMC recile, cas pr6cis, apporte des 616ments qui permettent de micux
particulitrement sur avion A hautes performances. comprendre une partie des actions effectu6es par le pilote,

en particulier pour ce qui concerne Ia commande de
2.2. Siquences do vol profondeur. Comnme Ie rapporte Gillingham (7), ce type de

Tout se passe parfaitement bien clans la phase initiale du d6marche a d6j& Wt utils6 avec succ~s pour analyser des
d6collage, jusqu'A la rotation et Is rentr6e du tri accidents oil Ia suspicion de d6sorientation spatiale 6tait
d'atterrissage. La trajectoire de vol est correcte ainsi que fre

I'acc~l6ration.
Sur Ie trac6 d'altitude pr6sent6 A la figure 2, quatre points

Aprts avoir p6n6trd Ia couche nuageuse, peu aprts Ia caract6ristiques ont 6t6 d~fiis, correspondant
rentr6e du train et le message "airborne", Ia commando de respectivement A l'entr6e dana la couche nuageuse
profondeur est progressivement pouss6e vers J'avant, d'une (point 1), l'injection clans la trajectoire balistique (point 2),
manitre de plus en plus saccad6e, jusqu'A atteindre 40 % de le point haut en altitude (point 3) et Ia sortie de Ia couche
la course vertsl'avant. (point 4).

La manette des gaz eat ramen6e de la position "pen ot Pour ces quatres points, l'orientation de Ia force d'inertie
combustion" vers "plein gaz sec" en suivant Ia proc~dure et agissant stir lea macules otolithiques a Wt calcul6e, en
A Is bonne vitesse. 11 faut aussi noter que l'inclinaison de faisant l'hypothtse simplificatrice que la tete du pilote

I'avn et pafaiemet cotr~~e t qu lecapne vriepas (HPP) 6tait strictement parallble A la r6f6rence horizontale
Ilu aveo r penaraemnt toutr Is e CL qiae. I a ovn e du fuselage. Lea donn6es cracc6l6ration pr6sent6es

plusdo rpenant outeIa hquece.(provenant des acc6l6rom&tres de bord) se r6fbrent aux axes

LA pouss6c progressive sur Ia commando do profondeur a voetlsdfrne ocssn aprtzdn n

lea effets suivants: repbre Hi6 aui aol (EVR, EHR). On peut donc d6rinir, d'une
part, langle d'orientation de Ia macule otolithique clans le

-Le facteur de charge d6croit depuis approxima- repbre terrestre (Ov, suppos6 identique A l'assiette de
tiemcnt 1G pour devenir proche do 00 (une valeur I'apparoil), (rautre part l'angle existant entre Ia r6sultante
pic de 0,25 G nigatif est eneit~) des forces massiques agissant sur cette macule at Ia verticale

-Is trajecboire culmine en altitude.a environ 400- ersr 0)qicntte scmoat uor eI

450 pieds AGOL, puis commence A dicroltre do plus stimulation otolithilue.
en plus rapidoment. Depuis le moment @1k lappareil LA W 3 rsneloui dcspantrsau

entr du Iscouhe uagese usq'ausol Isdiffirents points pricidemment difinis, caractiristiques; detrajectoire smilvie eat pratiquement balistique. Is trajectoire. Au point 1 (fig. 3A), au nmoment do l'estrie
-Le facteur do charg demeure encore proche de 00 clans la couch. nuageuse, Is stimulation otolithique induit
A l'approche do 100 pieds AOL LA commando do une perception do cabr excesai, maim la dfisorientation no
profondeur est brutalement ramen6e plein arribre somble pas encore patente, puisque r'adton air lea
loraque Ie pilote retrouve Ia vue du aol. commandos eat relativement normal. pour la situation.
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Notons ici que la rotation au d~collage a 6t6 envisager deux aspects le premier li6 A l'entrainement,
particuli~rement prononc&e (par rapport A des donndes I'autre A la syinbologie de pilotage pr~sent~e dlans to viseur
provenant d'autrca d~collages), cc qui pourrait tate-haute.
correspondre A un souci du pilote de traverser rapidement
une couche nuageuse qu'il sait etre peu 6paissc, mais peut 3.1. L'ontratfnemnt
8tre aussi A r~aliser un d~collage "de performance". Quoi L~a premitre Wde qui vient A I'csprit lorsque IPon analyse cot
qu'il en soit, il corrige progreasivement I'assiette initiale en accident est la misc en cause de l'cxp~rience et de
poussant sur la profoadeur. De ce fait, la composante lenrnmntd poe. nputalrdererd
d&acceleration Jz diminue progressivement ators que le Jx piontragemanieteu avle une pu fo piarion de 'atentinur d

demneure constant. Bien que l'assictte r~elle Soit revenue A piloteage manorst quec nea iformliationsd Instruentale su

ll* au point 2, Ia composition des forces agissant sur lea dlattitdessen nali qo es infpromtdssnations ilsuiusoares.

otolthe indqueuneaugmntaion e lange *~ ccqua Ceci eat sans doute vrai, il s'agit d'un pilote relativement
correspondrait A un cifet sur l'assiette de l'apparcil inverse jeune dont l'exp~rience du vol sans visibilitE eat limit~e.
A celui attaidu (fig. 3B).

Cette analyse brutale est cependant beaucoup trop
La d~sorientation latente devient alors patente ot les suporficielle et maine si l'erreur humaine eat manifesto via A
actions sur lea commandes sent alors plus saccad~ea, via des standards cisassiques dc pilotage, essentidilement
typiques du comportement d'un pilote d~sorient6, alors que cogntitifs, elle doit etre temp~rae par des considerations
la composarne d'acchltration Jz atteint OG au somnmet de la d'ordre neurosensoriel. It faut en effet r~aliser que ces

4trajectoire parabolique (fig. 3C). Les automatismes. cognitifs illusions sensorielles sent extremement puissantes et il W'est
persistent cependant en d6pit de la d~sorientation pas un pilote qui, un jour o4z l'autre, nWen ait pas ressenti lea,
manifeste du pilote, puisque celui-ci coupe la post- effets. En fait, la litt~rature scientifique et plus encore la
combustion tr&s pr~cis~ment A 300 nocud, respectant ainsi tradition orale des forces a~riennes de tous pays fourmille
scrupuleusement la procedure. Ceci implique donc: une d'anecdotea diverses A ce sujet, survenues. m~me A des
surveillance trrs 6troite du param~tre vitesse, pilotes tr~s entratn~s.
vraisemblablement en tate-haute.

Pour l'heure, l'entrarinement, donc la misc en jeu de
Apr~s, l'arret de la post-combustion, hi composante processus cognitifs, demneure le moyen essentiel de
d'acc,616ration Jx dimtinuc consid~rablement, alora que surmionter lea effets des perceptions d'orientation erron~es
l'appareil aborde Ia branche descendante de sa trajectOire rencontr6es en vol. 11 faut cependlant bien consid~rer quc cc
parabolique. Au point 4 (fig. 3D), la composition des forces fait nWest, sur le plan de l'orientation spatiale, qu'un palliatif
implique encore une stimulation otolithiquc conduisant A la qui r~vtle notre incapacit6 A fournir au pilote des
perception ilusoire d'une assiette positive. On peut informations sensorielies, r~eliement ad~quates A la tfiche de
cependiant penser que lc pilote est particulitrement inquiiet pilotage.
de l'volution de la situation, dlana la mesure o6i sen temps
de reaction eat extrememcnt bref d&s qu'il retrouve la vuc 3.2. Symbologie d'attitude
du set.

La faible valeur des informations d'attitudes pr~sent~es

Notons enfin un point fondamentalement important pour classiquement dana lea viseurs tA-te-haute, tout
cette analyse, qui comporte une part importante de particiali~rcmcnt dana lea situations &- )Iuant tr~a

speculations, c'cst quc I'ensernble de Is sequence depuis le rapidement a Wt reconnue de longue date. Le faible champ

loev des roues; jusqu'A l'iinpact final n'a dur6 que 14 couvert par ces informations, pr~sentkes en vision centrale
avec: une Echelie unitaire eat loin d'avoir la valeur des

secodes.informnations naturciles s'adrcssant A la vision p~riph~rique

3. DISCUSS~ION et, d'un autre c6tE, ne perinet pas de bfitir une
representation d'orientation d'une manibre aussi

II s'agit donc d'un accident dont le d~roulement typique satisfaisante qu'avec: un instrument comme Ia boule. Dans
permt dadmctreave unequai-cetitde 'cx~tene lI cas present, lea evolutions n'impliquaient pas une

d'unet dsorietatio patialue comsi-ertcause d1cenchate. dynamique d'6volution de tr~s grande amplitude, cc quti
Ccci ea d'snautaon spalus probabe cuaucue d~cefcaut d aurait pu permcttre une utilisation correcte do informations
onctionemecrutnt de u Iarmachi e n' quaun dEsre mseEvden, .. attitude. 11 semble bien pourtant qu'eilea n'aient pas Wt
focia seu e n a dmle colatmaceWep oIe tvemn misa une evirenr utilisges, pout etreoen raison du d~cours temporel trhs bref,
lahumeaine mainer l'oront~ dobsecoursen n'aant un effeu mais sans doute aussi parce quc Icur interpretation cat loin
ducane. Einee admorta-' qde Icpiotes Waiat palsE lW d'kre intuitive, meme dana cette situation. Cci r~flacions

* inormaion do aloage r~set~e dan Icviser ~ ambnent A se pose un probibme do fond qui touche au
inoraute on dormpilotag pisnte dam q le viu t processus mbine do l'orientation spatiale, tant sous son

l'entratnement, une constatation s'impose: lea informiations apc esrmtu u arclid acntuto oI
d'attitude pr~sent~es dans; Ic viseur W'ont soit pa Wt representation mentaic qui en eat faite.

consultees, soit pas 6tE "comprises" et utilis~es. Dama lea
deux cas, ii taut conaiddrer le contexte do la pression
cemporelle ta-Es forte et do [s contrainte 6motionnefle
resultant des conditions d'environnement. Ccci aintne A4
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3.3. L'o.'entatlon spatial&: Aspects sensoni- proc~dures, n'imnplquent pas le probltme de l'orientation
motsurs at repr6sentationrmels dans l'espace environnant. L~e problbme est ici constitu6 par

L'6tude des comportements d'orientation spaciale a 6t le fait que le processus d'estimation traitant lea, donn6es
traditionneliement partag6e entre deux grandes 6coles qui, sensorimotrices aboutit a une estimation d'6tat qui diverge
comnme le souligne Paillard (11), se sont souvent opos6es. de I'6tat vrai, en raison du poids des informations d'origine
D'un 00t, lea tenants de th6ories impliquant la iertielle -, de rabsence d'informations visuelle-...
transformation directe des entr6es sensorielies en sorties
motrices, dans la grande ligne de la r~flexologie Deux voics d'action essentielies semblent donc ouvertes, en
Sherringtonienne, de l'autre lea cognitivistes insistant sur le se fondant sur I'existence de deux modalit6s d'orientation
r6le d'une construction mentale A l'origine de coexistentes. L'une passe par le renforcemcnt dui
mouvements. fonctionnemnent de la modalit6 repr6sentationneile, non

seulement par l'entrainemnent mais surtout par l'utilisation
Bien que cette opposition soit aujourd'hui assez largement d'une symbologie utilisant au mieux lea caracti6ristiquea de
dapass~e sur le plan scientifique, clle conditionne encore ce mode, l'autre par la r6alisation d'une supplmance
consid6rablement lea approches qui peuvent 6tre propos6es sensoimotrice dont l'objectif serait de pcrmettre
su r le plan pratique pour am6liorer la perception I'obtention, dana le mode sensorimoteur, d'une estimation
d'orientat ion spatiale en vol. II ne semble donc pas inutile d'6tat coh6rente avec la r6alit6 physique.
d'apporter quelques donn6eS r6centes sur l'6volution de ce
sujet. 3.4.1. Voje reprdsentationnelle

Jusqu'A pr6sent c'eat dana cette voie que so sont
De nombreuses tentativea ont 6t6 faites aim de rifux d6velopp6es lea avanc6es lea plus concriltes et efficaces dana
dtfinir lea differentes modahic~s d'orientation spatiale, en le domaine de la prasentation d'informations d'orientation
particulier en France o6z Pailiard (11, 12) a propos6 un spatiale. De nombreux auteurs ont contribud au
moyen de r6unir lea aspects centraux ct pariphdriques en d6veloppement d'une symbologie d'attitude optimaic et il
postulant dewc types de reI&..ons spatiales contribuant faut citer ici lea cravaux de Newman (10) ct surtout lea
indapendamment & l'organishtion nerveuse des remarquablea; 6tudes exp6rimentales r~alis6es A N'AM et au
comportements spatiaux. 11 definit ainsi deux modalitas RAE, dont lea pr6mices avaient 6t6 pr6sent6es par Taylor
diffifrentes de craitement de l'information qui coexistcraient en 1984 (16). Lea pr6occupations actueliea semblent porter
dana le cerveau, le mode sonsorimoteur et le mode sur lea m6canismes; psychophysiques ct neurophysiologiques
reprasec~zationnel. inpliquhs dana la perception dea informations pr6sent6es,

avec une opposition entre lea informations globales et
Sclon cet auteur, lc mode sensorimoteur entretient un locales (13). Weinstein ct Ercoline (17) so sont pour leur
dialogue dire-ct avec Ie monde physique au travers d'ure part attach~s A proposer une standardisation de la
connection directe de l'appareil sensorimoteur, contribuant symbologie pr6sent6e dana lea viseurs tate-haute.
ainsi au renouvellement continu d'unc carte cgocentr&e de
l'espace extracorporel, alors que le mode reprasentationnel Enfin pour certain., autcurs, comme Menu e., Amalberti (9)
derive d'activit6s neurales explorant lea repr6sentations il semble n6cessaire de privilagier lea informations
mentales de la rdalit6 physique contenues en mamoire, prasentaca au pilote dana un mode reprasentationnel de
permettant l'mergence d'un syscbme stable de coordonn6es haut nivcau, favorisant une rasolution globale de la
allocentriques. situation, plut6t que e.'amener des donn6es dcatin~es A

rt~ger un probl~me ' onctuel d'orientation spatiale. UI
lea deux modes op~reraient en paraillle, chacun utilisant se cemparent cependant leur analyse pour 'Xýs situations oii Ia
proprea voies neurales, g6n~krant ct stocl~ant sa propre contrainte cemporelle eat tra!s forte et Ia dynamique de
cartographic de l'espace. L~e choix de l'un ou l'autre mode l'appareil de forte amplitude.
pourrait d6pendre du type de probltme spatial A r6soudre.
Cependant, pour d'autres auteurs qui expriment des 3.4.2. Vole sensorimotrice
concepts proches (6), lea deux modalitas ne
fonctionneraient pas vraiment en paraal~e mais Bien que de nombreux auceurs so soient pench6s sur le
impliqueraicnt plut6t un procadk d'&chancillonnage problbme d- ]a suppl6ance sensorimotrice, essentieliement
p6riodique. Ces conceptions suscitent un intaret soutenu, en visuelie, peu de rdalisations praciques r~eliemnent utilisables
particulier pour tenter d'apporter des 6l6ments quantitatifs ont vui Ic jour et de nombrouses questions sont encore
concernant le mode repr~scntationnel dun comportement pos~es comme lc soulignent Christensen et coil. (5). La
spatial, qui implique Ia cognition spatiale(S). perspective d'apporter une information & valour

sensorunotrice directe eat bien afat eaccrfnemcnen s6duisante,
3.4. Approdwes osble s t peseciese Is -oie de rechierche Ia plus avanc6e, sans doute asum In

Uanayse desdroostaces de 'accden a~ien plus ancienne, porte siir l'antilisation de Ia vision
L'analysen des * fairc t ances det l'aaent app raitenq p6riph6rique. 11 ne s'agic cependaat pas d'une votcexaclunsive
le comdtemmcnt espofatitd assoes a nette t aperaltre quem comme It souligne Rupert (15). Sur le plan technique, lea
Iccompitoremn t spa tial duopinance a e IsE modtllitien problbmes majeurs sent constitu~s par Is d~termination des

cnondimtrine par lae mdoia n eprdenIation oda.Lets informations r~ellement pertinentes et Ia n~cessitE. de les

processus copiutifs mis en jeu par it pilote, contr6le de Ia rsne vcuegad o~ec eprlea ptae

vitesse, action sur Ia manette des gaz, respect des
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non seulement vis A vis du monde rdeI, mais aussi par importante est sans doute constitu~e par l'6tude des
rapport aux informations sensorielles d'origine vestibulaire. relations entre les deux modalit~s d'onientation spatiale.

L'utilisation optiniale des possibilit~s offertes par les visuels
3.4-3. Coherence des informations de casque pourrait en effet dependre fortement de la

L'introduction de dispositifs de visualisation lies & la t~te coherence qui existera entre les informations relevant de

ouvre dans Ic domaine de la presentation d'informations cauedsmdlts

d'orientation spatiale une probl~matique totalement frecsbligahqs
nouvetle. Elle ouvre la perspective d'une utilisationRfencsibiraiqs

d'inormaion adrssat diectment la odalt6 1- BULEY L.E., SPELINA J. (1970). Physiological and
d'orientation sensoriinotrice, pz r la presentation d'images psychological factors in "The Dark Nigth Takeoff accident".
capteurs du monde r~el, mais aussi celle d'un risque .de Aerospace Med. 41 (5) pp: 553-6
d~sorientation accru si la coherence de ces informations
n'est pas totalement maltriske. 2- CHRISTENSEN J.M., O'DONNELL R.D.,

SHINGLEDECKER CA., KRAFT C.L., WILLIAMSON
Au del& de ce problilme de coherence de premier niveau, G. (1985). Optimization of peripheral vision. USAF'SAM-
une question fonidamentale se pose, comme le souligne TR-85-96
Paillard (12). "Si nous devons admettre la coextistence dans 3 OE .. RSI .. LCBR
les organisations biologiques, d'une part d'une machine 3- CH EN973) MMrenin CROSBtE of. BAictcatault
riactive, directement soumise A l'action des contraintes L.uh.(1973. Dirsorientn efed ts of airra) ppatapu3t
environnementales ..... d'autre part, d'une machine luhns eopc e.4 1 p 73
projective capable de diff~rer ces r~ponses inmm~iiates et 4- COHEN M.M. (1976). Disorienting effects of aircraft
de moduler ses actions en fonction d'un futur pr~visible, il catapult lauchings 11. Visual and postural contributions.
importe alors d'6tudier pragmatiquement la mani~re dont Aerospace Med. 47 (1) pp: 39-41
ces deux modalit~s de fonctionnement interagissent, 5CHNM .(97.Dsretn fet farrf
cooptrent ou m~me s'opposent ý l'occasion dans la gestion 5COE . (97.Dsretnefcsofacat

des activit~s comportemen tales ou cognitives'. Dans le catapult lauchings III. Cockpit displays and piloting

domaine des visualisations, et tout particuli~rement pour ce performance. Aerospace Med. 48 (9) pp: 797-804

qui concerne les visuels de casque impliquant un contexte 6- DROULEZ J., BERTHOZ A., (1986). Servo-controlled
sensonimoteur particu Iii!rement prononc6, c'est poser la (conservative) versus topological (projective) modes of
question de la cohdrence entre les informations " sensory motor control. In "Disorders of posture and gait"
sensorimotrices" et "cognitives" qui, toutes deux, vont W. BLES & T. BRANDT (Eds), Elsevier, pp 83-97
contribuer A la r~alisation correcte de Ia tlche de pilotage. ~ GLIGA .. OF W 18) pta
II s'agit 1I d'un domaine tr~s vaste et encore mal explore, Disorientation in flight. USAFSAM-TR-85-31
mais dont la connaissance est sans doute cruciale pour la
misc en oeuvre optimale des visuels de casque dans leur 8- ISRAEL 1. (1991). Contribution A I'6tude de la
fonction d'aide au pilotage. repr~sentation de l'espace et du mouvement chez l'Honime.

These de doctorat de l'universit6 de PARIS 6. 20 mars 1991
4. CONCLUSIONS 9- MENU J.P., AMALBERTI R. (1989) Les determinants

L'analyse de cet accident montre done bien clairement de la situation tactique et le developpement de syst~mes
combien les illusions sensoniells peuvent avoir des effets daides ergonomniques. AGARD-CP-478, Copenhague

puissants, amenant un pilote A op~rer dans une modalit6 paper OV-F

d'orientation spatiale sensonimotrice (reactive) plut6t qu'en 10- NEWMAN R. (1980) Operational problems associated
utilisant le mode repr~sentationnel (projectif) acquis lors de with Head-up displays during instrument flight, final report,
l'entrainement. La contrainte temporelle, le contexte AFARML, 80-116
6motionnel et 1'exporience limit~e du pilote constituent sans 1- AL RDJ(98)Contvvessssritr
doute des 616ments d'importance, sans qu'ils puissent 8tre 11-din PALLR spa.a (1987)tio. i"Cognitive versus ssensoioto
considerls comme totalement determinants, noigo pta nomton n"ontv rcse n

spatial orientation in animal and man". P. ELLEN & C.
Apparemment, les informations visuelles d'attitude THINUS BLANC (Eds), Martinus. Nijhoff Publishers,

pr~'sent~es dans le viseur tete-haute n'ont pas 06 utiiisA-s Dordrecht, Nehitherlands; pp. 43-77
ou n'ont pas 6t6 correctement interpr6t6es, cn tout 6tat de 12- PAILLARD J. (1990). Dialogues sensorimoteurs et
cause n'ont pas suffi au pilote pour reconnaitre la situation repr6sentation mentale: un probl~me d'interface. In
d'illusion sensorielle et la surmonter. Ccci pose directement ."psychologie et cerveau", P.U.F. Paris (France)

leymrboloie det s cnarcrissance es lpimites de Icofacett 13- PREVIC F.H. (1989) The three dimentional structure
symblogc e laconaisanc deslimtesde a cnfince of visual attention and its implications for display design.

que I'on peut apporter aux informations d'ordre purement AGARD-CP-478, Copenhague paper 8
cognitif dans la prevention de la 68sorientation spatiale.

14- RAYMANl R.B., Mc NAUGHTON G;B; (1983) Sudden
Enfin, para~lilmncrit aux actions qui sont men~es dans Ic incapacitation :USAF experience, 1970-1980. Aviat.Space
domaine de I'oricntation spatiale cognitive et de ]a environ. Med.54(2): 161-4
suppikance sensorimotnee., une voic de recherche
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15- RUPERT A., METECZUN A., GUEDRY F.E. (1989) 17- WEINSTEIN L.F., ERCOLINE W.R. (1991). The
Maintaining spatial orientation awareness. AGARD-CP- standardization of military Head-up Display symbology.
478, Copenhague paper 21 62th ASMA meeting, disorientation Workshop, Cincinnatti
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Figure 3: Analyse neurosensorielle. A- au point I de la figure 2, apr~s I'entrde dans la couche nuageuse le pilote
perqoit un cabri excessif. B- point 2, I'action sur la commande de profondeur amane une r6duction de
I'acctleration Jz, accroissant la rotation du vecteur inertiel rdsultant, I'assiette perque augmentant
paradoxalement.
C- point 3, passage A 0 Gz, ddsorientation compIate. D- point 4, dans, la branche descendante de la parabole la
composition des vecteurs Jx et Jz aboutit encore A ]a perception d'une assiette positive.
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LES FACTEURS COGNITIFS DANS LES 9VANEMENTS
A~RIENS DE L'ARMCE DE L'AIR

AU COURS DE LA DERNIkRE DlkCENNIE

Dr. J.Y. GRAU, Dr. R. AMALBERTI et Dr. J.P. MENU
CERMA, Division d'Ergonomie A&ospatiale

Base d'Essais en Vol, 91228 Br~tigny sur Orge C6dex, FRANCE.
Tel: (33) 169 88 8781
Fax : (33) 1 60 8404 48

Summary :Accident prevention has been a continuous concern since the early beginnings of aviation. Early
efforts in prevention have been devoted to system reliability, then to physiological factors. Improvements in both these
directions lead to consider cognitive factors as the main source of accidents. Prevention efforts must take into account
pilots' cognitive processes. In depth cognitive analysis of aircraft accidents serve topoint out error mechanisms. Statistics
complete this f igure showing the respective occurence frequency of these mechanisms, therefore orient the preventive
actions. Such an approach, focused on the cognitive factors involves to define a specific analysis grid from psycholo-
gical theories on human error. The elaborated grid is the basis to design a cognitive oriented data base.

1. INTRODUCTION production de l'erreur sont identiques. C'est au niveau des
Laplce es acters wnans n tatqu616enti pat eti~ de cons~quenccs oti de Ia rtcupo-ration que se "joue" oti non l'acci-
La pacees actershmaisentantu'~~met~ pitcti~ede dent. Soit l'exemple d'un a6ronef de combat qui accroche une

Ia s~curit6 des vols nest plus k d~moinonre. Que cc soit dans lin1 at-eso:s.'vo sersl6~eetetcas
l'afronautique civile ouimilitaire, de reprdsente autour de7% acidenhat,-tesio :c pot r 'amhoe l'a6rone, II6~nmn est classe niet r e

des accidents. Lcsenseignementsobtenus delI'anayse des compte- paociesuquont. abliouteine I'accrochaef, esot dlansls icdeut ca Is
rendus d'accidents d6pendent des m6thodologies d'exploitation idoentiues soit ot.n mabuvise pracrocat ont de anmssos It exca
mists en muvre. Micux comprendre lea mecanismes qui aboutis- dnius:otimmavsepprto eI isosi l

sent I Isproduction des erreurs humaines n~essite en particulier pilote qui ne regardasitpas dehors ou soitlItpilote regardait dehors
dceffectuer des analyses "en profondeur" des rapports d 'enquete. inais il n'a pas perqu Ia ligne. Dans Ie cadre d'une approche

On dgag aisi es araciritiqes u risonemet hmai en statistique surets m6canismes de production de Ferreur, 1' int6r&t
fOncn desage ainsi e aractstldes Icdunt raisonnem denthmain en est de collationner It plus d'&%6nemcnts possible et de ne pas se
deoinc tion d'es circnsta es de exloiacciden t aistrapidement i limiter aux seuls accidents. Au sein de l'Arin6e de IPAir Fran-
devintlutilns dentre aproedeiexpotin statistique d's a rvae eis- oaise, des enquates similaires I celles des accidents sont en~ens
cocusio atrns. e Cet te a drce stdanistuenest dpasriviandeleur pourets incidents gravesn'entrainantpas de perte humnaine oude
quilfate rnrccxte de suveu. 'aoatindismes dripendant dse leur destruction d'a6ronef. Prendre en compte Ies accidents et inci-

contxtede urvnue L'6aboatin dne rill d'nalse l~t dents graves perinet d'enrichir Ia base de donn6es, ils seront d6-
permette d'exprimerlIt plus fidelement possible toutes ces parti- 11o11116s ev~nements adriens.
cularitds devient le principal ddfi I Is rdalisation d'une banque de
dowin6es. Pari Itsl bases de donnics existantes, rame sont cellos 22 e ifrnsfcer uin
qui prennent en compteIts m6canismes cognitifs impliqu6s dans 2..Ladfrettceushnis
I&aproduction descrreurs. Ccpapier vise & dcrirl]a d&narche qui L'analyse des dossiers d'enqu~te des accidents et incidents
a servi It 1'elaboration d'une telle base de donntes. LA premi~re graves survenus dans l'Arm&e de l'Air Frangaise entre 1980 et
partic a powr objectit de montrer la place des facteurs cognitifs 1991 montre Ies points suivants (voir figure 1).
dansIes facteurs hurnamnsresponsablesd'dvbnements atriens. La L'6volution de Ia responsabilit6 des facteurs huinains dana Ia
seconde partic d6crit I& d6inarche thkorique qui a pennis de suvn ede v~ncments adriens pr6sente une courbe sensible-
d6finir I& grille d'analyse pour exploiter lea dossiers d'enquate. ment paralltle I celle de l'6volution de Ia place des facteurs
Dans Is troisibme et derni~re partic, sont pr~sent6s Its principes humains dans Ies accidents. On constate cependant des pourcen-

d'inormai~aion e I bas dedonncs.tages plus 6lev6s deis k tine pr&Iominance des tacteurs humains
2. PACE ES ACTERS OGNIIFSDANSLES dana Ia survenue d'incidents graves par rapport aux accidents.

2. PLAE DENSFACTREURN ONTP ASLS Ces chiffres corroborent sinai le fait que Ios sculs accidents ne
EVENMENSA~RENSrefltcnt quwlne partie des tvý:nements oti sont impliqu6s los

2.1. Car elitd facteurhumains. Prendrcencosnpteles incidents graves permet
d'eu avoiru tine milleure traduction, mais on peutipenseinquedes

Apprthender l'crreur humnaine au travers des accidents aftiena Etudes prenant en compte los incidents minetirs et Ies t~moigna-
constitue tin pari ambigu. En effet, on ne petw concevoir que lts ges des pilotes perinettinsient tine quantification plus r~aliste. Le
accidents soient I&a induction de toutes lea erreurs produutes. programme Aviation Safety Reporting System (ASRS) de Is
Nownbreuses sont cellos qui ne portent pas b consdquence ou qui NASA (Reynard et al., 1986) et It programme de pr~vention des
sent r~cupd6res par leurs) autewrs ou encore qui passent inaper- accidents delIa compagnie a~rienne fran4;aise Air France (Gati-
ques. Dens tous lea cas, les m~canismes qui ont conduit &Is thier, 1991) sont des exemples qui vont dama cette direction.
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Figure 1. Place des Facteurs Humnains dans les Ev~nemnents et Accidents
AMrlens de LArm~e de r'Air Frangaise (1980-1991)

Les diff~rents facteurs humains responsables d'6v~lnements a6- - Inad~quation des processus de raisonnement: 87%
riens se r~partissent en (voir figue 2): des facteurs humains. Les processus de raisonnement se d6finis-

- Fateus mdicuxphyiqus o toiqus: .5%des sent comme les processus de prise d'information, de traitenient
fater Fuacte. ursmndiactur pahys eouogique Wst 6.5% des6 de l'informatiic, d'exA-cution des, actions minis aussi d'6labora-

leacauers hnainus.l Aucnt facteu pathologfatque da % tion d'um rif~rentiel, op-6ratif commum (de Terssac et Chabaud.
lea auss txiqes c sns ana ,59 ciIa atiue ans5%. 1990) lors du travail I plusieurs (&iuipage, patroujille, guidage

- Alt~ration des capacit6s par application de contramn- sous contr6le). L'enaemble de ces facteurs; constituent lea fac-
tcs physiologiquca;lid-es auvol: 2,5% des facteurshumains. Ils se teurs cognitifs. C'cat dana; cette classe de l'inad6quation des
r~partisaenten 2% pour lad~sorientation spatiale et0.5% oii une proceasusderaisonnemnentqucMenuetAznalbertidistinguentla
perte de connaissance sous accdl6ration a pu Btrc 6voqu6e. capacitd I comprendre l'6volution d'un proccasus dynamique.
L'analyse que l'on peul faire sur Vemploi des termea 'd6soricn- Cette compr~hension aboutit i a, notion de positiorcnnema dama
tauion spatiale" mu cours de ces 12 ann~s montre un manque de un environnemnent g~ographique puia tactique lorsquc le pilote
clart6dana ladd-finition de ceconcept. Menu et Amalberti (1989) doit int6grer la situation tactique. On ne peul alors parler d'il-
ont pr~cia6 lea diff6rentes acceptiona que l'on pouvait attribuer k lusionsenaoriellepuisqucc'estaunivcaudel'intcrpr6tationdela
ces lennes. ha parlent de d~sorientation spatiale pour qualifier situation qu'ily aprobl~me etnionde la fusion srsenofelle. Cepen-
tous lea conflits intersensoriels gin6r~a par les contraintes phy- dant, nombreuses sont les confusionscentre ce dcux m~canistnes
siologiques propres aux d6placements dana lea trois dimensions fondamentalement diff6rcnts et qui sont tolls de-ux denonun6s
ainsi que ceux d~clench~a ou aggrav~a par des agreasiona physi- d6sorientation spatiale.
quesaa~ronautiques et quiont desretentissements sur lcammianis- - Le 4% restants de facleurs humains d6passentleI
mes de Il'orientation spatiale. Ainsi la perturbation de la vision cadre dc I'activit6 des op6rateurs engag6s dana la tiche de
p6riph~rique sous hypoxie paul modifier lea relations zeil-veati- pioaeUscnret s;setsdmitnneetemtet
bule dana l'orientation spatiale. Le r6aultat d'un proceasus de pilotargeirleconcernptlderasectsdemaine enapoint serametlcn
dhaorientation eat Ia survenue d'illusion sensorielle voire de d'la~rgiur Iccncet. dcru uan.C on eaao
cin6tose. Les mota "d~sorientation spatiale" sont eiploy6a ici
avec cc sens.

COtdThAINTES P9VSIOLOWGUES

FACTEURS MEDIAUX, 65
PHYSIOUES OU N#ADEOUATMO

TOXIOUR DIM PROCESSUS
DE RAISONMENEW

"WUMME 4 %87%

Figure 2. Ri~partitlon des Facteurs Humnains responsables des Evbnemnents AMrlsns
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Cetterpartitimnmonte quele point-cli de las~c it6 des vols est sauvent uric redondance. Blitir uric grille d'analyse sur de tels
l'inaddquation des processus de raisonmement. Plus classique- terines ne peut mener qu'l uric impasse.
merit. toute cette categoric reprdsenuecc que l'on appelle l'crrcur - rencire cornpte d'evbncments aussi varies que ceux
humaine. rencontr6s. Si dans I'aviation civile, les profilsdecmission varient
Pour aller plus loin dans l'analysc de l'erreur hurnaine, il cat trbs pcuon ncpeut ndireautant dans'aviation militaire. Or,ecn
nicessaire dc pr~ciser cc que regroupe cc concept mais auassidWen raisen du nombre des ev~nements qui survicnnent dana IPAxmhc
dtfinir un cadre thdorique. de l'Air Franq-aisc, uric analyse statisrique ne peut s'crwisagcr

qu'l travels Is prise en compte de tous les evhieanents: aviona de
3. BASES TH~kORIQUES combat monoplace ou biplace, avions de transport eat mission

tactique et avions 6cole, pour ne citer que lea principaux.
3.1. Ddflinr Ilerreur hunualne L'errcur humaine s'intbgre darts un systhmc & 3 dimensions:

Les definitions de l'errcur hwnainc sent multiples et loin de faire - lea faits qui repr~sentent la description du processus
l'unanimit6. Cependant, dcux approches se distinguent dans la etdscmoenns brvlsde'prau.
meaure oii l'int&r6t repose sur lea m~canismes cognitifs. La etdscmoeensosraeselop tur
premitre. Is plus classique,consiste I consid6rerlI'errcurcomxne -lea facteurs initiaux ou aggravants
un 6car I Ia norme (Leplat, 1985). Cette definition pr6sente Icla m6canismes dcerreurs
l'avantage d'identifier clarement lea erreurs mais clle pose le
probILbne du choix de lit norme dc reference. Comme le precise 0- Les faits sont lea elements objectifs de l'cnquftc. uls font
Cellier (1990), 3 r6firentiels peuvent atre choisis : reference au type de mission, aux conditions de r~alisation dela

- ceui e latice pescrte ell qu lleest mission, It I'ahronef ct I lcexp6ricnce a6ronautique du pilote.
-~ii pa e ocelwcrs deIUdh rsrt cleq'lcet Ltablissemcnt des faits propres aux deroulement de la mission
defie pr Is C~iCptC~h.depend des sources d'information (presence d'cnregistreurs de

- celui des op~ratcurs de la profession: toute vol, richesse des entregistreurs, cdmoignagc des opfratcurs ou
situation de travail se caracterise pour lea op~rateurs par uric d'obscrvatcurs). Ils posent lc probl e du debut deleur descrip-
adaptation de Ia tiche prescrite qui consiate en uric Tedtfinition tion et du nivcau de granularitd I adopter.
des buts. La reference cat alors cc quc fait un op6rateur r~alisant W Les facreurs se derminisnt comme des conditions qui pci-
Ia mission et ne faisant pas d'erreur. Cette reference se distingue vent favoriser ou aggraver la survenue d'unc erreur. En effet,
de celle des opd~ateurs qui sont reconnus canine "experts" par la I 'occurenccd'unecrreurn'estpas toujours Mie & la presence d'un
profession, car l'expcrtise alors envisag6e W'est pas obligatoire- ou plusicurs facteurs, l'erreur pouvant s'expliquer par son seul
ment adapt~e I cc que sait faire le pilote. Arnalberti et al. (1987) m6canismc. LA misc en evidence des facteurs eat d&Iuitc des
ant montr6 qu'l chaque nivcau de qualification correspond uric faits. En cc sens, lea facteurs sent objcctifs mais leur implication
expertise differentc, associ&c k des connaissances sp~cifiqucs, darts Ic d~roulcment d'unc situation incidentelle cat beaucup
pour rdaliser des buts cffcccifs diff6rents. plus inf6renticlle.

- Le troisi~mc TWfretiel est celui de l'op6ra- La notion de facteur peut kre illustrie en prenant l'exernplc do
teur lui-mime, en tant qu'individu r~alisant uric tiche darts uric lenvironement peuvre en stimulus visuel pour evaluer Is.hau-
situation particuliire et qui se defmnit des buts sp~cifiques. On teur dans un vol basse altitude (survol desertique). Pour tous lea
perle alors d'activiti de l'op~rateur. pilotes ct dans; le mn~e environnement, lea informations visuci-
S'il eat fac ile de dire qu'il y a erreur puisqu* il y a ci accident, il les sont idesitiques. L'analyse des informations est un m6canisme
est bcaucoup mains facile de dire pour qui il y a cu erreur. Taut actifqui depend de la representation qu'a lepilote de la situation.
depend dui r6f6rentiel choisi. On rejoint 1A uric distinction fonda- Seule uric representation consid6rmnt que Ia hauteur n'est pas
mentale faite entre tine approche des accidents oentr6e sur Ia potentiellernent conflictuelle, am~nera Ic pilote I ne pas traiter
recherche de Tesponsabilitt qui fera rtffrence I la tichprescrite, finemrent les indices sensoriels ou bI e pas adopter des strategies
et uric approche preventive qui cherche i coniprendre lea m~ca- diff~rentes de pilotage (pilotage plus centrE suir lea instruments
nismes qui ant conduit & la production del 'erreur. Dana Ic cadre par exemple). Le facteur "pativretid des indices visuels relatifs &
de I'Elaboration de Ia base de donnees, l'erreur humaine eat Yappr~ciation delI&hauteur"n'estpas lacause de Iaccidentmais
difinie canine in 6cart i cc quc font les op~rateurs de Ia par centre il a pu d~clencher ou aggraver un m~canismc cognitif
profession & qualification Equivalente. conduisant i l'erreur.

La deux iimc approche de l'erreur humaine, prochec dui troisi~me La connaissance des difffrents factcurs et leurs implications
rtf~renticl consiste I introduire ta notion de norine subjective et probables constituent des moyens directs d'amdliorer la sdcuritE
I donmer I 1' intention de l'opdrateur un r6le central (Reason, des vols. Cinq categories de facteurs peuvent 6tre identifiks :
1990). Lerreur se d~fntmrcomme un 6cui Itl'intention. Beaucoup - lea facteurs m~dicaux et physiques : pathologic, toxi-
plus difficile k manipuler en rant quc d~finition cie I'arreur dana uftge.
le cadrecd'un rapport d'enquete. ccte approche est phisoperative qe aiu.
pour analyse lea rn~canismcs cognitifs et comprendre Ia genhbe - lea facteurs physiologiques li~s au vol : hypoxie.
de l'crreur. hypobarie,acc~ltration...

3.2. U. cadre t~oirique de Ilerreur en Atroeautlque - Ice facteurs psychologiques : persounalit6, motiva-
tostress...

L~laoraren ii cdreth~oiqu a 2objctif: -lea facteurs environnementaux : visuel. sonore, ilser-

-difinirune gri~lled'analyse des evbnecmnts adriens. fl mique, mitdo...
detimportant d'utiliscr tine grille claire et exhaustive en en - lea facteurs de communication : media, leadership,dfisatbien toutes Its rubriques (Nagel, 1988). Parexemrple. ugg prtf.
lea termes "focalisation. cxc~s de confiance, manque de rigucur, aggoprtf.
technicitt insuffisante, inattention et erreur de jugement" sont w Les m~caniamesd'erreurs traduisent lea proceasuscognitifs
fr~quemiment rencontris danm lea rapport denrqufte. Or, ces qui ont conduit b In survenuc de l'erreur. Leur identification
termes tic sent peas dEfinis avec precision et pr~senrent le plus r~sulte d'une d~marche infferenticlle fait par l'analyste en raison
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bien souvent de Iabscncc de donn6ea suffisantes darn le rapport Les fautes par manque de connaissances; conisistent eni 1emploi
d'enqukte mais aussi en raison de la part non consciente dc derfgles ou proc6dures iadapt6es aux intentions de lophwatcu:
certains de ces m~canismea. On eni distingue quaire: soil parce quc I& proc6dure est cironn6e. soit parce quelic cat

- lea rat6a d'ex6cution. L'op~rAteu a tine intnion cofrecte mais ne correapondant pas I I& situation, ou soit I&
adapr6eila situation mais Ita actions qu'ileffcctuesontincorrc- Proc~dure est connIuC mais non appliclu~c.
tea. Lea rat~s swrviennent dasa lea ticlica rouuminres et fortcment - Lea indiscipline&refl*tent une intention d~lib&rcedc
automatis6es obIl'activitt de loperateurcat basde sur des habitu- l'op6rateur de sortir du cadre de cc que font lea op~rateur
des. Lerat6 s'explique parmnecaptueattentionelle quientraine (confere Is. d~finition cde 1'erreur huwnainc donnA~e pr~c~demn-
wit d~faillance du contr6le det Iaction. Un exemiple typiquc de ment). Lea exemples de tels coniportemcnts -ot multiples eni
rat6 est le pilote quiaprbsas'etre pos6. veut sortir leaaarofrcins et atronautique (passage i basse altitude au-desaus de la maison
rentre Ic train, lea deux manettca Etant l'une I c6te de l'autrc. On d'wi smi qui se termine tragiquanuent). Dana cci cas, its buts que
retroutve dana ces erreurs lea "finger-errors" d~crites par Wiener se fixe Ic pilote sortent du cadre dci sa mission et ne viscnt qu'k
(1986). coementer des satisfactions personnelles.

- Lea fautes traduisent in 6chec des processus dejuge- - Lea erreurs par non Elaboration d'ui r~fffratiel op6-
ment, d'inf~rence et de planification ind~pendamment.de l'ex,6- ratif commun. Ces cireurs font appel I des m~canismea d~crits
cution des actions. Dciii cat~gories de fautes peuvent etre d~cri- dana lea fautes mais Is, relation sociale due I Is pr~sence d'un ou
tea lea fautes, quc Reason (1986) d~crit connie cons~cutives 1i plusicurs op~rateurs introduit d'autrea; m~canismea. En effet, Ic
unc "rationnalitd limit~c"et lea fautea par manquede connaissan- r~f~rentiel op~ratif conimun s'Elabore I&partir d'une represents-
ces. tion deccc qu'on pense quc l'autre sait et de l'image sociale que

U prncie ds fute pa "rtionaltd irnt~e reosesurles vs gdn~re son propre coonportement. Un exemple classique de
Le prucipes lidea fuaus l'prar e erb nntaitE limiterepouaesir lea lanri~r sociales qui peuvent s'installer dana un cockpit eat
capaite l'inomaitcs ua opfraucur &en stuatins compexes hmin de reprisenti par le cas oitle commnduxantde bordeutle copilote ont
traiteur ginfor2mcartionCofnesdessitouationstcomplcxes( a'ompE- une qualification et une exp6ricncc Equivalentes : aucun des
raieun garae2 smicanism etsla ercultonuv s remetconie)tiflcnt de membe ad'Aquipage n osera s'expnimer face I unee situation qwi
saisonpaiir IsimiaitE etlclame sp sitlationsu I fuence) siutionted se d~grade pensant que I'autre interviendrait s'il y avail um
smplifer Ieaso raitE trde rainent I~a isitutio d ie reitlittioiI probl~me potentiel ou que Favis que Paon peut donner n'est pas
fcnue. Re'aslonraiterbe d'dccs mrcansms son recovroemcnt En de circonstane. La situation peut alors se poursuivre jusqu'i
fcultE qu'artopi aeu de e Evontg lspuverdna sonfrde envronement hEn l'incident bien que les membres d'6quipage pressentent unc

I l'impr~cision que leur fonctionnement entraine. Lea erreurs staincnlcule
g~nfr~es portent en a~ronautiqut sur 3 domaianes;: Parmi its 87% d'erreurs dues i une inad~quation des processus

&'wit mauvaise repr~sentation de l'en- de raisonnements. ces diff~rents m~canismecs d'erreurs se r~par-
virormement, par exemple la mauvaise appr~ciation d'une hau- tissent de Ia fagon suivante (voir figure 3):
teur oti d'une distance. -9% pour lea rat~s d'extcution.

0 wne mauvaise repr~sentation de l'ttat - 48% pour lea erreurs par "rationnalit limit~c" dont
avion que cc soil lors dwie panne r~acteur ou Iors de l'utilisation 16% pour lea mauvaises repr~sentations de l'envirorucnneit.
des systbmes cmbarqu~s. 10.5% pour lea mauvaises repr~sentations; de l'ttat avion et

0 wie mauvaise repr~sentation des ac- 21.5% pour lea mauvaises repr~sentations des actions i mener.
lions i mener en termes de strati-gies ou de choix de conduite : - 25% pour lea erreurs par manque de connaissances.
utilisation des modes du sytbme de navigation ou choix dec 6,5% pour lea indisciplines.
pilotage It vie par exemple.

-11.5% pour lanon-6laboration d'un r~f~rentiel opA-ra-
tifcommun.

INDISCIPULNES RATES DEXECUTIONd

REFERENIEEL 6,5% 9 %
COPERATW ,5 REPRESENTATION

C0W4 1,5%DE
-. LENVIRONNEMNT

---- --- 16 %

25% 05
MANOM DEREPRESENTATION

CONNISSACESETAT AVION

W E RSENATION
ACTKON A EFFECTUER

Figure 3. Rtpartftion des Erreurs par lnad~quation des Processus do Raisonnemnent



34-5I ~L'intfr& de ces premiiers r~sultats est de montrer I 'ad6quation di d'analyse d6crite ci-dessus (voir figure 4). Elle est sur un Micro-
cadre th~orique au contexte aftronautique. Tous les m6canisrnes ordinateur Mac Intosh LC d'Apple d6di6 sp~cifiquement. La

*d~cis constinientune part non ndgligeable darts Issurvenue des base est m~isi&e I aide d'un logicici dec traiteznent de donn6es.
6vtnements afriens. Les efforts pour atadliorer Is s~curitt pas- Le logiciel "Quatribne Dimension" d'A.C.I. a &6t choisi en
sent par unc prise en compte dec tous ces mhcanismes Ia travers des raison de ses qualiths pour repr6senter le formalisme qu~e nouis

*classifications des faits et des facteurs qui y sont associhs. Ces venous de d~crire, des nomnbreuses possfoiliths qu'il offre pour
donndes sont en cours d'incdgration dans Is base et devraient exploite lesdonmhesetde soninterface convivial. Leprincipede
permettre d'ici peti des exploitations systhinatiques. "Quatribane Dimension" est dec constituer une base dec doannes

relationnelle: c'est-'a-dirc, dhfinir des concepts avcc leurs attbi-
3.3. L'erreur en amonot du pilote buts et mettre en relation ces concepts pour 6tablir tin graphe. Ce

L'erur lontems dd enisa~c u nieaudu ilot oudes graphe permet, d'une part. d'inshrer routes les donnes obtenues
L'er~reur a Iongtemps imptq6sn enisg rau ivatio du ioe osticdes lors de 1'exploitation des dossiers et. d'autrepart, d'envisagerdes

(navigateur, contrIeur). mais Ia shcurit6 des vols concerne aussi sotemuips r d 'nrogindeIba.

des ophrateurs et des hommes qui sont en amont d~upilote. Ceux Le sch~fna reprhsente l'ensemble des d~iffhrcnts; concepts de Ia
qui viennent le plus rapidement It l'esprit sont cciii impliquhs base. On y distingue les m6canismes psychologiques, les diffe-
dans Ia maintenance et ils repr6sentent 4% des facteurs hwnains rents facteurs et les faits qui sont repr~senths par les concepts
(voir section 2.1.). Mais I'en'eur humamne petit se situer bien en "conditions accidents" eý "personnels".
avant. On parlera de globalit6 de l'eirrur. Or, Ia chaque niveati
prhc#dant le pilote. tout est fait pour que IVerreur soit minimale. 5. CONCLUSION
Une Rhgle de cete succession de niveaux consiste Ia suppiA-er par La dhmarche suivie s'inscrit dans tine approche prhventive dec
une couche les erreurs que l'onnWiapas pu supprimer'ItaIacouche l'erreur humaine basee sur tine meilleure comprhhension des

*pr6chdenrc. En schhmatisant, on peut d&-rire les couches suivan - mcnse oiis et eler op~cs as a

mthes : r~mtglcmdentation et eno deie c onception, oerg'anidaire. I tne analy4'e plus large que cele des settles analyses "en profon-
pilte.Drniers lmenation d~ ettesuesin derne loracourches, It pimloe deur". Elle ne petit se faire que par tine exploitation informatishe
apiourhre. demc mauphrcrdes eretirsquccessont Pude ouchesl ailti des 'lonn6es afin dec d6gager des enseignements stir lh6volution

a porchrgede rcuoefls efeur qu Won puatr 6vi~esaux des facteurs et des mhcanismes cognitifs d.'erreur parrapport aux
niveaux pr&"hents. II Templit cette fonction grice 'ases capaciths gnraindahoesnsrvcoi'lfrmtnetaaamc
d'adaptation qui le rendent irremplaA~able. En contre-partie, et des pilotes.L1A bonne r6alisation d'un outil infonnatiqie est alors
nous l'avons vu. il est possible qu'il 6choue. Dens cc cas. tine u on-6pu sue schrnee acniut e
approche systhinique permet d'i-tudier les diffhrents niveaux et analyses. L'int&&~ d'un tloutil est en relation directe avec les
non pas de se focaliser stir Ie seul pilote. Toute dhmarchc pr6occupations ergonomiques de notre division pour faciliter Ia
s'inscrivant dens l'amelioration dec Ia s~curit6 des voIs doit correction de systhmes existants,lI'61aboration de nouveaux sys-
prendre en cosnptc ces 6hlhments. t~mes et la formation des pilotes.

4. LA BASE DE DONN~gES-INFORMATIS~kE

LA base dec d~onn~es informatis6e est construite 'a partirde Ia grille

FACACCIDENE

ACTEURS MEDICAIIX COORDINATION ACTEURS PIIYSIOLOGIQUES
et PiIYSIQUES LEES AU VOL

FACTEURS

ACTEURS PSYCHOOGQUEs 4ENVIRONNEMENTAUX

Figure 4. Graphs Relation fbi do la Base do Donndes
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EFFECTS OF MEDIUM BLOOD ALCOHOL LEVELS ON PILOTS'PERFORMANCE
IN THE SEA KING SIMULATOR NK-41
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Post-office box 1264 KFI4
D-8080 Fijrstenfeldbruck

Germany a

Su mmary3 We now would like to report our experience
A number of 20 military pilots drank cer- with such a simulator.
tain amounts of alcohol until the blood
alcohol concentrations reached a level of Setup of the experiment:
about 0.8 o/oo. After that they had to fly 20 professional pilots had to consume an
IFR mission using the flight simulator for amount of 0.8 g alcohol per kg body weight
2 1/2 hours. They were told to perform the within one hour to the effect that blood
complete program of navigation and flight alcohol concentrations of up to 0.08 per-
operations and also communication with for cent were achieved. Each of the crews had
example air traffic control (ATC). During then to carry out a 2.5-hour IFR flight in
the simulated flight programed technical the completely equipped, hydraulically
failures occurred concerning the instru- movable SEAKING helicopter cockpit of the
ments and the engine. The reactions of MK-41 simulator. The reactions of the
pilots and the cause were registered. The intoxicated pilots were compared with the
results were obtained by summarizing false reactions of the same pilots not under the
reactions. Significant differences in the influence of alcohol on a similar diffi-
number of wrong reactions due to alcohol cult flight.
consumption were registered.

The flights were supervised on a flight
Introduction: instructor control panel which showed all
In most of the experimental examinations the cockpit instruments and, in addition,
of the effects of alcoholic intoxication displayed flight tracks and operational
the test persons had to accomplish a readiness of the helicopter systems on
"Singlk Task' or "Double Tasks" (for screen. The supervising instructor also
example, center line and glide pass con- played the role of the ground control
trol during an ItS approach). So only one stations.
or two tasks had to be performed which The test was primarily intended to assess
called for concentration and psychomotoric the alcohol-induced performance degrada-
coordination. tion prevailing in specific areas under

the overall strain of the flight.
Obviously, these methods allow only One mission, for example, consisted of a
statements about the effects of single or night flight from Hanau over Frankfurt,
double psychophysical strains. Finthen, Coleman, SeJbach, Ramstein to

pferdsfeld. After the take-off the
Extrapolations and statements on the over- altitude hold broke down for the entire
all performance in case of more complex duration of the flight. The route
tasks such as flying an aircraft can be initially led to Hanau NDB, Metro VOR to
made only in a very general and super- Frankfurt where an ILS approach on runway
ficial sense. 25 was ordered. Different altitudes had to

be maintained between the two beacons.
Flying an aircraft, however, is a multi- Increased air traffic required a holding
functional activity and requires conside- over the Metro VOR until the approach
rably more manual activity than driving a clearance was given. The situation was
car. Under extreme conditions - occurring aggravated by the failure of the entire
in the past while flyinq the F-104 - the automatic stabilization during holding and
pilot was forced to take decisions every ILS approach. The ILS approach was carried
1.5 seconds on average, out as planned. During the overflight the
To make statements on the degradation of crew received a comprehensive further
the overall performance, an examination clearance covering several check points
under real flight conditions - that is all the way up to Finthen. One of the
under functional integrity - would be re- check points was the IF intersection Vinti
quired. However, flights of intoxicated which was, however, not entered in the
pilots must be ruled out and the results navigation map but only on the approach
gained under an artificial test environ- chart for Finthen. The pilots had to
ment (single/double task) are not so com- maintain different altitides between the
prehensive as to allow an overall assess- various check points. After finishing the
ment. approach the crew had to continue their

flight with STAB-ON, that is with auto-
Using a flight simulator is the only matic stabilization. The second ItS
cha:ice to realistically generate all approach in Finthen was executed as
events during the movements of an air- planned in the form of an NDB approach on
craft. runway 08. During the turn to the center

line both artificial horizons were blocked
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on the slant. The crew had now to execute pilots were intoxicated. The comunica-
the whole approach with their stand-by tive understanding was considerably re-
horizon and altitude indicator. stricted under the influence of alcohol.
After finishing the approach both horizons - The pilots performed worse in certain
were operating properly again. The crew flight procedures e.g. (approach, hol-
received a comprehensive further clearance ding).
directing them to an intersection. To - The influence of the wind was almost
approach the intersection, a radial from permanently underestimated.
Frankfurt to Vortac had to be flown and - All pilots went through the check lists
maintained. Increased air traffic, how- incorrectly; under the influence of
ever, required the crew to fly a waiting alcohol this deficiency occasionally led
loop radial/fix in non-standard holding. to major flight errors (for example,
From there a further clearance inbound non-retracted landing gear in flight).
Coleman was given and a VOR/NBD approach - Altitudes and courses were also incor-
executed on runway 05. During the approach rectly maintained. Under the influence
the automatic FSC had a malfunction for- of alcohol, however, several crews got
cing the helicopter into an anomal flight completely lost.
attitude. The crew had then to take over - The control of the helicopter either
manual control whereby the pitch stabili- with functioning or defect supporting
sator broke down. During the flight over systems was limited under the influence
Coleman a further clearance towards Sem- of alcohol.
bach was received with an IAF for a TACAN - Intoxicated pilots did not watch their
approach on runway 07. At an altitude of instruments correctly and, therefore,
4000 ft. one of the front fuel pumps failed to timely recognize occurring
failed, initially without consequences. errors.
Shortly later, however, also the generator - Only the error rate of very experienced
#1 broke down causing the failure of the pilots did not increase. Pilots with
second front fuel pump and the second rear average or less flight experience,
fuel pump; leading to an overall malfunc- however, were considerably impaired by
tion of engine #1, that means to a the influence of alcohol.
flameout. - In addition, a certain negligence in

transmitting prescribed messages and
For explanation: Following the malfunction handling check lists became obvious.
of the fuel pump a baffle valve had to be Intoxicated pilots frequently had a
opened in order to avoid the flameout. If muddled way of speaking and mixed up
the breakdown of the engine had not been figures.
prevented, Sembach was the ultimate desti- - In some cases, the co-pilot made the
nation of the flight, pilot aware of errors which only then
This example shows the large extent of the were corrected.
navigation work required by the crews such
as precise approaches to check points, 1st category:
altitude and course changes in holdings, The supervising instructor listened to
and various landing and go-around proce- the radio traffic, assessed the speed of
dures. These tests were made more diffi- speech and variations in the way of apes-
cult by temporary failures of instruments king, and counted the occuring communi-
or erroneous beacon signals, changes in cation problems.
wind direction and force, and failures of
important helicopter equipment assemblies Communicative errors and misunderstandings
such as fuel pumps and the automatic FCS, occurred under the influence of alcohol.
finally ending in the flameout of an During the first hour of flight, we also
engine, frequently noticed a slower and conside-

rably muddled and offhand way of speaking
Depending on their flight experience, even and a loose mood i, talks.
non-intoxicated pilots would have to make
an all-out effort to master such problems. In five cases the clearances given by the

ground radio station had to be repeated in
Results: full. one of the crews was even unable to
The reactions of the intoxicated pilots understand and repeat the meaning of a
were compared with those reached by the further clearance though the message was
same pilots not under the influence of transmitted several times. This fact
alcohol in a similar difficult flight. We resulted in a gross impairment to flying
assessed three different categories of safety. All other errors of this category
activity: had no immediate consequences.

1. Handling of radio communications 2nd category:
2. Navigational performance Major errors occurred in the navigation of
3. Helicopter control and observation of the helicopter. Once a holding was flown

instruments on the wrong side, another time along an
offset course. In three other cases dis-

After collecting the relevant data of all orientation prevailed (slide). One crew
test series, we came to the following flew to a wrong initial approach fix on
results: the airway. During one flight the position

of the radio compass needle was misinter-
- Mistakes in the operation of control preted to the effect that the pilot con-

instruments and communication devices founded the sides. Another crew followed a
occurred more frequently under the in- wrong approach course to the airfield.
fluence of alcohol. Finally, the deviation from the planned

- Prescribed messages were not always approaches to certain IAFs on the airways
transmitted no matter whether or not the reached up to 7 nm which considerably ex-
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ceeded the margin achieved in the tests Sober pilots with great experience, that
with the pilots being sober. In four is with more than 2500 flight hours, had,
cases, navigational errors led to dange- if at all, only a slightly increased error
rous situations, rate under the influence of alcohol.

3rd category: Helicopter control Less experienced pilots, however, with a
Apart from minor errors which were made by total of 1500 flight hours or below, per-
sober pilots as well, big mistakes occur- formed significantly worse, if not comple-
red under the influence of alcohol which tely disoriented, under the influence of
would doubtlessly have jeopardized the alcohol than otherwise.
flying safety or caused a near crash. In So we may conclude that in addition to a
one case the pilot fell considerably below possible intoxication of a pilot also his
the prescribed minimum speed during a lan- proficiency plays a very important role in
ding approach. In another case, the pilot the investigation of aircraft accidents.
failed to recognize that he had already
left the airfield far behind him but Final notes:
nevertheless continued his letdown. One 1. Pilots with a blood alcuhol level below
crew forgot to lower the landing gear and 0.1 g per ml usually made mistakes in
another crew fell considerably short of communicating over radio and in con-
the cruising speed resulting in a near trolling the helicopter and so jeopar-
crash. dized the flying safety.
Apart from these errors, the emergency 2. Pilots with a very comprehensive and
procedures provided for in case vital long-lasting experience showed, if at
equipment or engines fail were always all, only a slight performance degra-
mastered even under the influence of alco- dation under the influence of alcohol.
hol. It was interesting to note that - 3. The crews never failed to execute the
despite the breakdown of the automatic FCS emergency procedures correctly even
- one of the ten crews sticked under the under the influence of alcohol.
influence of alcohol more precisely to the
prescribed glide path and course than it
had done otherwise.

Conclusions:
It is to note that major errors regularly
occurred in radio communications, naviga-
tion and helicopter control which occa-
sionally endangered flying safety.

L-
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Summary

Controlled or uncontrolled water entry (ditching) by both crew and machine. Similarly, any engine
Royal Naval helicopters continues to occur and is a malfunction in a twin engined helicopter hovering
significant loss of resource - both human and aircraft. outside its single engine performance parameters will
Accidents over a ten year r-riod (1982-1991) are listed, result in a reasonably controlled water entry, the
causation and trends analysed. and preventative outcome of which will depend on the flotation
measures put forward, as are initiatives to increase characteristics of the helicopter and the prevailing
post ditching survivability, weather conditions; whilst in forward flight no major

consequences should result.
Key words - Helicopter, accidents, disorientation,
survivability. Thus given the inhospitable environment the overall

objectives must obviously be to minimiF- the chances of
Introduction a ditching by preventative measures, but since in

practice this cannot be guaranteed, additionally to
Any malfunction, either minor or catastrophic, in a maximise the chances of a successful egress by the crew
helicopter flight over water, may result in either a from an inverted helicopter with the crew compartment
controlled or uncontrolled ditching. Several factors may submerged.
influence this. These include:

Ditchin•s
- Distance from land - wnere the malfunction
precludes any transit to a landing on terra firma. Royal Naval helicopter accidents have recently been

reviewed (1, 2, 3), an(; a cor-?plete overview of British
- Embarked flying from ships, where the military helicopter ditchings has recently been
malfunction may preclude any transit time or completed (4). It is not therefore intended to re-state
the size and characteristics of the landing these findings here, Rather, an analysis of a ten year
platform is unsuitable for the type of landing period of Royal Navy ditchings, from 82 to 91, has
required by the malfunction, been performed. Simple tabulated results show no new

lessons, only to re-emphasise that where the ditching
- Flight profile - altitude, in forwzrd flight, has occurred in a relatively controlled fashion, crew

or in the hover. survivability is good.

-The associated sea state. However this basic information can be improved by
plotting it in this format:

- Day or night flying.
No human error Human error

Maritime Environment I ------------------------------------------------------------ I
Mechanical failure No mechanical

Two examples will illustrate this. A loss of tail rotor failure
control in the hover at night under high power (torque)
con,.tions will result in an uncontrolled ditching with If the tables are subdivided, Table I gives accidents due
probable immediate inversion of the helicopter, whereas solely to catastrophic mechanical failure and Table 2,
in forward flight over land either a running landing or those due to aircrew error with no aircraft malfunction.
an autorotation should lead to a successful outcome for

4J
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However these extremes do not account for all

Date Aircraft Remarks accidents, and another table, Table 3, annotates those
with an aircraft malfunction with an inappropriate

12.05.82 Sea King 5 ZA132... Engine failure in hover. response by the crew.
11.07.82 Sea King 5 XV698... Engine failure in hover,

other engine failed to 18.05.82 Sea King 5 XZ573 - Rad alt failure in night
respond. hover mishandled.

30.09.82 Lynx XZ247 ............ Fire in main gearbox.
28,10.82 Wasp XS568 ............ Engine failure. 24.03.87 Sea King 5 XV668 - 3 FCS malfunction
04.05.83 Lynx XZ249 ............ Tail rotor control during high workload night hover in very

failure, poor conditions overwhelmed crew's flying
27.05.83 Wasp XV638 ............ Oil pump failure. ability. A/c crashed nose first into sea.
20.06.83 Sea King 5 ZA130... Tail rotor control

failure. 13.10.88 Sea King 5 XZ916 - 2 Minor u/carriage
06.09.83 Wasp XT427 ............ Partial engine failure. malfunction distracted pilots, a/c flew into sea
13.04.84 Wasp XT794 ............ Partial engine failure. 30 sees after night launch from ship.
29,09.84 Sea King 5 ZA134... Engine failure in hover.
05.03.85 Wasp XT423 ............ Engine failure. Totals: Ditchings - 3
05.11.85 Sea King 5 XZ918.. MRGB lub failure. Fatalities - 5
26,10.86 Sea King 5 ZD632... Fuel starvation.
03.02.88 Sea King 5 'KV652... Tail rotor drive failure. Table 3 - A/C Malfunction, Inappropriate Response
27,10.89 Sea King 5 XZ582... MRGB lub failure.
01,06.90 Lynx XZ734 ............ Harpoon failure, rolled

off deck.
10,09.90 Sea King 6 ZD631... MRGB lub failure. Relevant factors will now be discussed.

Totals: Ditchings - 17 Note: MRGB - Main Mechanical Failure
rotor gearbox

Fatalities - Nil The Sea King anti submarine fleet will remain in service
for some years yet, with the requirement for all weather

Table I - Catastrophic Mechanical Failure day and night operations at the hover under high power
conditions for long periods. From Table I it can be
seen that failures associated with the main rotor gearbox
in the Sea King continue to occur, and with the

21.(P.82 Sea King 4 ZA311 - I Flew into sea at night requirement for an immediate "landing" as a
(luring high workload, single pilot operations. consequence of the gearbox's inability to continue

running safely dry, or without oil, there remains the
19.05.82 Sea King 4 ZA294 - 21 Descended into sea at possibility of loss of aircraft and crew. Incidents

night during high workload, single pilot involving gearbox malfunctions are to a great extent
wartime operations with minimum visual cues associated with a failure of oil pressure, or the high
at very high AUW. speed input shafts from the engines.

03.02.83 Sea King 5 XV658 - I Flew into sea during Civil Sikorsky S61s and US Navy Sikorsky SH3s are
mis-judged wingover manoeuvre. fitted with an emergency lubrication system which

allows 30 minutes of flight, which is usually sufficient
16 1085 Sea Kine 2 XV672 - Fuel exhaustion, to at least carry out a pre-planned emergency water

mis-identified mother ship. landing if unable to reach a landing platform.
Royal Naval Sea Kings are being modified in two areas.

10.03.88 Lynx XZ243 - 2 Descended into sea during First, a more sophisticated emergency lubricating system
Mis-judged. abbreviated night approach to is being installed, which will involve an additional sump
ship while short of fuel. and separate pipework. Second the bearings on the high

speed input shafts are being modified to allow reduced
01.06.91 Sea King 5 XZ577 - Hit ship during lubrication demand and greater tolerance to total failure

nmis-judged fly past. of oil supply.

Totals: Ditchings - 6 These two together should provide m'ich improved
Fatalities - 25 safety performance, with an excess of two hours

emergency running time.
Table 2 - Aircrew Error, No A/C Malfunction
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This will not only decrease the possibility of unwanted "On over-shoot at 1001t 100kts 30 degree angle
ditchings, but also in the worst case give ample time in of bank with Rad Alt hold engaged pilot
descents from altitude before a final catastrophic glanced up to ensure flight path clear. On
gearbox failure, return to instruments height noted to be 30ft

and descending. Aircraft levelled at l0ft before
Disorientation recovery effective. Aircraft returned for

uneventful landing".
At the other end of the scale in Tables 2 and 3 are
instances whereby a perfectly serviceable aircraft is Peripheral Vision Displays
flown into the sea through human error or through an
inappropriate response to a containable malfunction. There are two types of human visual infornation
The maJor causation is through disorientation. More processing pathways, one involving central vision, and
vorrying. although disorientation was only cited in 23% the other peripheral vision. The latter does not involve
of the accidents, because of the speed and high impact central processing and is the main input for human
forces involved it accounted for 85% of fatalities, orientation. Mindful of this. Malcolm developed a
Ninety per cent of all fatalities through disorientation peripheral vision device (PVHD or "Malcolm" horizon)
could be attributed to inadvertent loss of height. which utilised a gyro stabilised laser generated narrow

beam of light displaying on the flight instrument panel
(8). Peripheral visual cues would result which would

The maritime helicopter environment is well known for alert the pilot to an unplanned departure from his
its potential to induce disorientation, and causes and desired attitude. Tests were performed in a RN Sea
effccts have been well documented (3, 5, 6. 7). Ki~ig. but integrating the device into a traditional flight
However, despite aircrew being very aware of its instrument display with varying light sources and
insidious onset and nature, and of the correct recovery intensities and into the associated harsh vibration
actions, incidents continue to occur. A typical recent environment proved difficult. However using the same
cxanple is: principle, a system of light emitting diodes placed on

Fig I

Pilot's View of Peripheral V~sion Aid
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the main cockpit windscreen frames has been developed avoidable, or to date unavoidable. However there will
to give similar cues (9), and is under trial at present. always be instances where ditchings will still occur, and

still occur in conditions where the helicopter will invert
To date no trial reports are available, but if successful once on the surface of the water. A major factor in
this will be a significant step to decrease disorientation, crew survivability in these eminently survivable

incidents is the ability to egress successfully from the
Height Warning Devices inverted aircraft. As can be seen from Reader's (4) and

others' surveys straightforward egress cannot always be
However almost all RN incidents are caused by a minor guaranteed. Factors influencing this are:
departure from the planned attitude and more
importantly power setting, which set up an unwanted a. Difficulty in detaching the emergency
rate of descent. Here the helicopter differs significantly escape windows.
from the conventional fixed wing, in that a slight b. Disorientation, for example from a
reduction in power in the latter will only result in a deliberate though unwise early harness
gradual departure from the intended flight path, whereas release.
in the fomler the departure will be immediate. This c. Trapping or snagging from interaction
departure will not be picked up by a peripheral vision with part of the airfranme.
device, as there is no significant change in aircraft d. Overcoming the "gasp" reflex caused
attitude, by submersion in cold water (10, 11,

12).
In these instances height warning needs to be given
which will alert the crew regardless of where they are Emergency Underwater Breathing Device
devoting their visual attention. Such devices already
exist in audio (aural) warnings, which are The provision of a short term emergency underwater
omni-directional (that is independent of the field of breathing device would allow the aircrew more time to
vision). They also have the advantage of being overcome these problems which may occur singly or
relatively resistant to filtering out by the brain's input together, and such a system has been introduced by the
processing pathways under high workload situations. US and Canadian Navies. A device similar to the
Such basic devices are being fitted to RN helicopters, USN's is about to enter service with the Royal Navy
but they are limited in effectiveness. The reasons are: (13).

This is called STASS - the short term air supply system.
a. They are only initiated at a preset

height.
b. They are absolute warnings and give no

rate or trend information.
c. Being a tone only, they require somen

interpretation.

What is needed therefore is a device which fulfils all
these requirements. Such a project is underway at
present. However to be effective great care is required
in its design to ensure that unwanted and intrusive
warnings do not result, and that warnings based on rates
of change of height over time are correct for that
particular phase of flight, as the requirements differ.

For example the accident to Sea King XZ916 occurred
on climb-out from a ship on a "no horizon" night sortie
when the crew were distracted by a minor problem and
flew into the sea. In this instance early warning of any
rate of descent is required.
Whereas in the incident quoted earlier in the paper the
warning should be activated dependent on the height
and rate of descent.
The outcome of trials will be reported separately.

Ditching - Underwater Egress

The measures briefly outlined should do much from a
preventative viewpoint to reduce ditchings which are Fig 2
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towards the nearest egress point
increased luminance at the
egress points

These aids are discussed in more detail elsewhere (14,
15).

I ,• Conclusions

Helicopter ditchings will never be eliminated
completely.
Modifications to the Sea King main rotor gearbox and
provision of an emergency oil supply should reduce
ditchings from mechanical failure. A peripheral vision
aid and a logic voice waning for attitude and height
information cues should reduce ditchings resulting from
disorientation and overall ditching fatalities, and
two projects have been discussed. Finally, an
underwater emergency short tenn air supply system for
the crew is being introduced which will allow more time
in the event of difficutly in egress from an inverted
water-filled helicopter.
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1952-1990
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Introduction Accident Sites

In 1982, Brooks and Rowe completed a 20 Crashes and planned ditching at sea have
year retrospective review of the survival of occurred wherever the Canadian destroyersall Canadian Military aircrew from ditching, have been operating i.e., off the coasts of

parachuting or ejecting into both fresh and Nova Scotia, New York City, Bermuda, the
sea water, including the penetration of ice on Dominican Republic and the Netherlands.
frozen rivers and lakes. (14). For the purpose
of that study, all of these mishaps were All of the fresh water accidents occurred
classified as water accidents. The authors in Canadian lakes and rivers: Dartmouth,
originally had intended to examine all water Nova Scotia; Lake Manitoba, Manitoba; the
accidents back to 1952, but due to integration Muskrat River and Severn River in Ontario;
of the services and the coincidental Findlay Lake in Quebec; Upper Arrow Lake,
amalgamation of the RCAF Institute of Nakusp, British Columbia; and the Mala
Aviation Medicine and the Defence and Civil River in the North West Territories. There
Institute of Environmental Medicine, data has been no general pattern of fatalities
prior to 1962 appeared to have been lost or related to any specific geographic location.
destroyed. Cause of Accident

Six years later in 1986, additional
information was located in the old RCAF card The causes of the accidents fall into 3
index from the Directorate of Flight Safety,. principle categories - mechanical, disorien-
National Defence Headquarters. Using that tation/fly-in and human error. By far, the
additional data, Brooks completed a review commonest causes (52%) were mechanical
of all types of aircraft accidents occurring in problems (9 cases) A typical example is Case
both sea water (10) and fresh water (11) for
the RCAF from 1952 to 1968 and for the A Sea King Helicopter was
Canadian Forces (after integration of the approaching a ship just prior to
three Canadian Services) from 1968 to 1987; a passenger transfer in the North Sea, a
total period of 36 years. Moreover, it was banging noise was heard and a power
concluded that the RCN records had been lost loss was experienced. The pilot
forever.

manoeuvred the helicopter clear of
Since 1987, there have been just two the ship and ditched. Following the

further accidents involving helicopter ditching, the helicopter was water-
ditchings, one in fresh water and one into sea taxied for about one minute.
water. This paper will summarise the Emergency shut down procedures
Canadian Military experience with ditching were then initiated and the rotor
helicopters into water over the last 38 years. brake applied. Flotation bags were

General Findings activated and the crew picked up by
the ship's boat. Two sixth stage

Over the period from 1952 to 1990, there stator blades had failed in fatigue
have been 17 helicopter accidents in water.
Ten accidents occurred in sea water (all these causing internal damage and a
have been Sea King helicopters and 7 of the compressor stall followed by a loss of
accidents have occurred in fresh water (4 power in the left hand engine.
Kiowas, 1 Sea King, l-H34-A Sikorsky, 1 UH-
I and I 12-E Hiller)). There has been a total of Disorientation/fly-in and pilot error
63 personnel involved with 15 fatalities, for shared the second commonest cause with 4
an overall survival rate of 76%. The accidents cases (23%) each. A typical example of an
are listed by helicopter type in Table I - sea incident combining both disorientation and
water and Table 2 - fresh water. pilot error is case 13.

I



TABLE 1 HELICOPTER ACCIDENTS IN SEA WATER

CASE AC TYPE DATE NO OF PERS ACCIDENT SITE CAUSE
NO FATAL NON FATAL
1 Sea King I-Dec 2 2 NE of Bermuda DisorientationiFly-n

002 1967
2 Sea King 22-Feb 0 6 W ol Dominica Mechanical Problems

427 1968 West Indies
3 Sea King 15-Jun 0 4 Off New York Engine problems, planned

407 1968 ditching and take-ofB
4 Sea King 24-Jun 0 5 Off Bermuda Engine problems and

015 1969 Human Factors
5 Sea King 1-Nov 3 1 300 m SE Likely disorientation/Fly-in

420 1971 Halifax. N.S.
6 Sea King 24-Oct 0 4 30 m SE Mechanical Problems

418 1973 Halifax, N.S.
7 Sea King 24-Jun 0 5 Off Holland Engine Problem

423 1974 North Sea

8 Sea King t6-Oct 0 4 45 m E Engine problem, planned
439 1980 Halifax, N.S. ditching and water take-off

9 Sea King 4-Nov 0 3 20 m S Emergency chiplight.

409 1987 Halifax. N.S_ Planned ditching
10 Sea King 19-Sep 0 5 260 rm NW Main gearbox and hydraulic

411 1989 Bermuda leak. Sank in 2000 fathoms

in 1 hr 30 mins.

TABLE 2: HELICOPTER ACCIDENTS IN FRESH WATER

CASE AC DATE NO OF PERS ACCIDENT SITE CAUSE
NO TYPE FATAL NON FATAL
1 I Sea King 5-Jul 0 4 Morris Lake Lost control at 50 ft

425 1983 N.S. in hover
12 H-34A 30-Nov 6 0 Lake Winnipeg Disorientation in snow storm

Sikorsky 1958 _Man. during mercy flight
13 UH-12E 17-Jun 0 Est 2 Muskrat River Wire Strike

.Hiller 1965 Ont
14 Kiowa 6-Jul 0 1 Mala River Lost and ran out of fuel

244 1978 N.W.T.
15 Kiowa 13-Jun 2 0 Findlay Lake Loss of control after

258 1968 Oea. -mechanical problemifly-in
16 Kiowa 18-Aug 0 2 Severn River Disorientation over water

215 1985 Ont in night hover/fly-in
1 7 Kiowa 7-Jul 2 0 Upper Arrow Lake Loss of depth perception

242 1988 Nakusp. B&C. 50 Low flying over lake/fly-in
km SE Revelstoke_

The pilot of a Hiller flew down the the right and struck the water some
centre of the Muskrat River at a hundred yards beyond the wires. It
height he judged to be between 30 and rolled over to the right and ended
50 feet above the water at 70 knots, submerged except for the left skid,
After the wire strike he experienced and almost completely inverted. The
vibration, he checked the control pilot had been flying in the left seat,
responses, but the only significant with both doors off and the harness in

reaction was a violent increase in the unlock position. He was conscious
vibration; he maintained the controls of getting a mouthful of water,
in an effort to maintain level flight released his harness and got out of
without success. The helicopter the left upper side, swam to a nearby
pitched nose down in a slight turn to boat where he was helped on board.
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TABLE 3. GENERAL SURVIVAL INFORMATION

CASEI AC TYPE IWARNING (F) FATAL OR ITIME TO RESCUE METHOD OF RESCUE NIGHT WATER TEMP
NiD TIME NE) NON-FAA ACCIDENT CELSIUS!

SEA WATER

I Sea King Under 15 sec FIN F 45 min Boat Night 21.1

2 Sea King Under 15 sec NF 15-20 min Submarine 25.9

3 Sea King Under 15 sec NF Water take-off Water take-off ?

4 Sea King Under 15 Sec NF 2 hr 45 min Boat ?

5 Sea King Under 15 Sec F/N F 10 min Boat Night 21.1

6 Sea King Under 15 sec NF 10-15 min Helicopter 2.2

7 Sea King Under 15 sec NF 5-6 min Boat 13-15

8 Sea King Under 15 sec NF Water take-otf Water take-off 1 12.0

9 Sea King 2-3 mrin NF 20 min Helicopter 11.0

10 Sea King Under 2 min N F 4 hrs Boat 28.0

FRESH WATER

1 1 Sea King Under 15 sec NF 110 rin Boat 18.0

12 H-34A Sikorsky" Under 15 sec F ? Night ?

13 UH 12E Hiller Under 15 sec NF 10 min Swam to boat ?

14 Kiowa Under 15 sec NF ?30 min Waded ashore ?

15 Kiowa Under 1 min F p Night ?

16 Kiowa Under 15 sec NF 5-10 min Swam/boat Night ?

17 Kiowa Under 15 sec F A/C broke up on impact ?

In - flight Preparation Prior to the Knowledge After a normal start-up, the crew
of the Accident of a Sea King helicopter took-off for a

Water Landing Training mission. AfterTraditionally, aircrew and passengers so e ital eq ncs hd b n
receive little or no warning of an impending

crash. In this series of 17 cases, it is estimated demonstrated including a single

that for 14 (82%) accidents, the crew were engine take-off, the student then
aware of the impending accident for less than carried out a single engine landing and
15 seconds before it occurred. The details are attempted a single engine take-off by
tabulated in Table 3 and illustrated
graphically in Table 4. There were fatalities himself. The take-off had to be

in 4 (23%) accidents in this group. aborted due to low rotor rpm and
when rotor rpm recovered, the

In the three remaining accidents,there instructor directed the student to
was still precious little warning time, up to continue the take-off..
one minute in the fatal Kiowa accident at Duringa
Findlay Lake, Quebec (Case 15); up to two Durin this pe d atte rotor
minutes in the non-fatal Sea King which rpm again dropped an
suffered sudden and substantial hydraulic could be executed, the aircraft struck
fluid leak from the tail rotor gearbox (Case the water nose down at approximately
10); and no more than three ininutes in the 20-25 knots ground speed. The
non-fatal planned ditching of the Sea King in aircraft pitched forward severing its
the Atlantic Ocean following an emergency Stail pyoand came to rest inverted
chiplight alarm (Case 9). Case 11 is a typical pylon,
example of the short warning time: in 20 feet of water. (figure 1)

~1
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FIGURE 1
A typical accident where the helicopter sinks and is rapidly inverted

Table 5 illustrates the conditions of into fresh water lakes and one into a river as
helicopter post-ditching in the 17 cases. One follows.
helicopter sank rapidly (Sea King-Case 6), 3
helicopters rapidly inverted (Sea King-Cases (a) Two Sea Kings flew straight into the sea
2 and 11 and UH 12-E Hiller Case 13), 2 off Bermuda. In Case 1, all four crew might
helicopters floated (Sea King-Case 7 and have been able to escape had the accident
Kiowa-Case 14) and 3 helicopters sank later occurred in daylight. They were likely
(Sea King Cases-4, 9 and 10). Of the disoriented or distracted, as only the
remaining accidents, there were six fly-ins navigator and the observer survived. In Case
and two water take-offs. 5, the crew became disorientated while

Case 4 is a typical example of what carrying out a night ASW exercise off
happens to a helicopter during a hover at 40 Bermuda. Because the bodies of the two
feet when a mecd-nical problem suddeildy pilots and the observer were not found, it is
occurs. only possible to speculate what happened

from the vague testimony of the surviving
The pilot heard a high pitched navigator. The two pilots, likely received

whine from one engine. The port fatal injuries, but could have drowned after
engine failed before the sonar dome impact. The observer also perished, possibly

could be fully recovered and the through injuries but maybe through drowning

aircraft settled onto the water. After or a combination of both. It could be

one minute, the pilot attempted a postulated that, if the accident had occurred
during daylight and his injuries were not too

take-off and the aircraft rose about severe, he might have been able to escape
10 feet before rotor rpm began to from the aircraft after impact. The accident
decay and the aircraft settled onto in the cabin of the helicopter was survivable

the water again. Additional water because the navigator had made a

entered through the sonar well. Two remarkable escape from approximately 20
feet submerged in 210C sea water, perforating

further take-offs were unsuccessful. his ear drums in the procedure. Factors that
When an attempt was made to inflate likely contributed to his survival was that he
the flotation bags, the starboard bag had received Dunker training and had some
did not inflate fully and the aircraft diving experience.
rolled inverted. The crew was able to b) An H-34A Sikorsky crew (Case 12) was on

evacuate the aircraft and were a mercy flight when the pilot became
rescued. disoriented in a dense snowstorm and

crashed into Lake Winnipeg near Black Island.
Night Accidents All six occupants were killed.

There have been five accidents (Table 3) c) The pilots of a Kiowa helicopter, (Case 15)
that occurred in darkness, two at sea, two lost control of their aircraft because of a
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Table 4 Warning time in 17 cases

<15S
i• [] < imin

82% El < 2min

S< 3min

Case No Conditions of the helicopter post-ditching

Table 5 1 Sea King Fly-in

2 Sea King Rolled inverted
3 Gea King Water Take-off

4 Sea King Sank later

5 Sea King Fly-in

6 Sea King Sank immediately

7 Sea King Floated

8 Sea King Water take-oft

9 Sea King Sank later (1 hr 20 min.)

10 Sea King Sank later (1 hr 30 min.)
11 Sea King Rapidly inverted

1 2 H-34A Sikorsky Fy-in

13 UH 12E Hiller Rapidly inverted

14 Kiowa Floated

1 5 Kiowa Fly-in

1 6 Kiowa Fly-in

1 7 Kiowa Fly-in

mechanical failure and plunged into Findlay ranged from 0-5 0C (1 case) 10-150C, (3 cases),
Lake, Quebec. Both were killed instantly. 15-200C (1 case) and 20C°+ (4 cases).

Water temperatures were not recorded in the
d) The pilots in another Kiowa (Case 16) remainder of the accidents.
attempted to conduct a night hover over
water and became disorientated crashing into Method of Rescue
the Severn River in Ontario. Both crew
survived, but had difficulty making an There has been a wide variety of rescues;
underwater escape. eight cases by boat, two by helicopter, one

rescue by a submarine and one case where a
Water Temperatures survivor waded ashore. In 5 cases, there

were no survivors or there was no need to
Water temperatures are listed in Table 3: rescue anyone; i.e., the three fatal cases

They have been reported in nine cases only. where the helicopter hit the water and broke
Eight of them were from sea water up (Cases 12,15 and 17) and two cases where
immersion by Sea King crew. The ninth was the helicopter was able to take off from the
also a Sea King that ditched in a lake during a water and therefore, no rescue was required.
practice dipping exercise. The temperatures (Cases 3 and 8).

*J
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Immersion Suits that ran out of fuel and ditched in the Mala
River (Case 14). It was found particularly

Immersion suits were worn in only four useful for the rescuers who spotted it's yellow
of the accidents by a total of 15 personnel. All collar. A life jacket does not appear to have
of these were Sea King accidents into the been worn in any of the other fresh water
open ocean. The individual performance of accidents. The reasons for this are the same
each suits is illustrated as a bar chart in Table as those given for immersion suits - the
6. There were no immersion suits worn by aircrew did not expect to crash into water
any of the aircrew in accidents in fresh water. when flying over land.
This is probably due to the fact that helicopter
aircrew flying over land did not expect to In only one of these accidents was it
crash into water. reported that there was a problem. In Case 7,

the C02 cylinder did not work when the
In Case 6, 30 miles southeast of Halifax toggle was pulled by the crewman.

in 2.2 0 C water where rescue took 10-15 Reviewing the remainder of the cases where
minutes, all four of the suits leaked badly and there were fatalities (Cases 1 and 5) is
it was questioned by the Board of Inquiry if difficult. Because there is not enough
they were ot mnuch benefit. evidence in the Boards of Inquiry, it would be

pure speculation to suggest that malfunction
The suits were also worn in the Sea King of a life jacket contributed to loss of life.

accident (Case 7) off the Dutch Coast in 13-
15oC water, where the crew were rescued in Life Rafts
5-6 minutes following the mishap. Four crew
were wearing the suits which were leak tight The helicopters have carried either the
and working according to specifications. single-man or the multi-place life rafts. They
However, one passenger did not have a suit were available in all eleven Sea King
and if the rescue time had been greater than accidents, ten of which occurred in sea water
six hours, this unprotected passenger's life and the eleventh into fresh water (Table 7).
would have been threatened. Whether or not any of the remaining

helicopters that ditched into fresh water were
They were worn by all four aircrew in the configured with life rafts is unknown because

planned ditching into the Atlantic Ocean 45 there were no comments made in the Boards
miles east of Halifax (Case 8). With of Inquiry. In four of the Sea King ditchings,
subsequent water take-off, they were not neither type were deployed, they were not
immersed in water and therefore not used. used in the two water take-offs (Cases 3 and
Lastly, they were used by the three crew in the 8), nor in a fly-in in which everything was lost
planned ditching of the helicopter into the (Case 5) and during the waterskid exercise
Atlantic Ocean 20 miles south of Halifax in when the helicopter rapidly inverted.(Case
110C water (Case 9). In this case, two of them 11). In this latter case, there was a Zodiac
were leak tight and one had a small/medium standing by for the exercise. In the remaining
leak. accidents, there were some accidents where

only the single man life raft was launched and
There were no fresh water accidents in some cases where both single and multi-place

which the wearing of an immersion suit were launched as follows:
would have made any difference to survival.
In Cases, 11,13,14,15,16 and 17, the accidents Case 1 - Two singles were inflated by the 2
occurred in the summer when the water was survivors. The other 2 aircrew died in the fly-
generally much warmer and in Cases 12,15 in. The multi-placed raft was presumed lost
and 17, the accidents were unsurvivable due in the accident.
to the force of impact of the helicopters into
the water. Case 2 - Five singles were inflated while the

sixth one failed. The helicopter rolled over on
Life Jackets the multi-place life raft.

Life jackets were worn in 12 accidents Case 4 - Two singles and the multi-place raft
only. They were worn in all 11 Sea King were inflated.
accidents; one was a mishap in fresh water,
the remainder were in the open ocean. A life Case 6 - Three singles were inflated.
jacket was also worn by the pilot of the Kiowa Through personal choice, the observer did not

inflate his because he went back aft to deploy
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Not Used

SWorked Well

Leaked

In accident but
not wearing a
suit

5

2

No of
Personnel VMS

Cast 6 Case 7 Case 8 Case 9

Worn but

not used

Table 6: Performance of the immersion suits which were worn

in the five Sea King Accidents.

Case No. Single-man Multi-place

1 2 OK. 2 Lost with fatalities Lost

2 5 OK 1 Failed helo roiled over on multi-place raft

3 Not used - Water take-off

4 20K _OK

5 All lost in accident

6 3 OK Unable to launch

7 ? Launched with difficulty

8 Not used - Water Take-off

9 Deliberately left behind OK

1 0 Deliberately left behind OK

11 Not used - Zodiac close by

Table 7 Life Raft Performance (Sea King Helicopters only)

j
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the multi-place life raft. When he found it reported 94 accidents involving 342 personnel

impossiblefor a survival rate of 84%. Our rates are
emergency exit through the cargo door slightly better than the civilian experiences.
wethout his single-plach e craft. He Ferguson (12,13) reported on a large series of
remained in the water close by the life rafts 28 civilian helicopter accidents in the North
untilremained in-5 te ter clo yther lSea. There were 344 personnel involved with
until rescue 10-15 minutes later. 130 fatalities for a survival rate of 62%.

Case 7 - Although difficult to deployonly the Mechanical problems have caused fifty
6-man life raft ws inflated. The paddles two percent of the accidents. These figures
were found to be missing. agree with the British military figures (94
Case 9 and 10 - Only the multi-place life rafts accidents) where 46 accidents were caused by
were inflated. In Case 9, the crew mechanical failure, these were made up of

deliberately left their sirgle-place rafts behind engine failure (31 cases), transmission failure
adeijurate useft ther six e-ancrhe reatsoind (8 cases) and tail rotor failure (7 cases). Thisand just used the six man raft. The reason also agrees with the observations made by the

given was that the rescue helicopter was a rits Airo tie oarin 1984 (19).
virtually alongside waiting to hoist them up British Airworthiness Board in 1984 (19).

uy aThey concluded that the percentage of
soon after the accident. accidents that are due to airworthiness causes

The longest time sp':.nt in a raft was 4 is greater for helicopters than for fixed wing.

hours and several crew became sick. In this When helicopters ditch in water, the
case, anti-motion sickness tablets werelabelled with a generic chemical name (which event is sudden and there is precious little
incidentally washed off after the bottle got time to prepare for the catastrophe. This
wet). The aircrew were unsure whether the study confirms that in over eighty percent of
tabet). Theairrew to ee us ursea snestherthe cases, the aircrew had less than 15 seconds
tablets were to be used for sea sickness! There warning. The only other direct reference to
was only one other accident where motion warning times in the literature is by Anton(6).
sickness was reported. He reviewed seven U.K. registered helicopter

accidents in the North Sea: There was less
rSurvival Training than one minutes warning time in two of

Water Sthem and less than five minutes in two of the

There were five accidents in which there others.

were very positive comments by survivors The short warning time is why the
which illustrate the necessity and usefulness i te sof argo pre-ight the
of water survival training: "wet dinghy drill importance of a good pre-flight briefing isextremely useful", "ten years of sea survival paramount. It. prepares the occupants for the
extraining paioff", "tenyearsofsea survival sudden immersion event and should include a
trad cing paid off", tera survival easierI short description of personal and aircraft
"made ejection and water easier", safety equipment and it's use. Examples"good briefings on survival and escape drills include the requirement for the immersion
helped", and "Dilbert Dunker and wet dinghy suit to be done up before ditching, so that it
drills excellent in alleviating anxiety and will be waterproof; the technique to activate
stress of survival". The benefit of diving the
experience has also been well demonstrated the life preserver; the method of deployingwho wasablehtolife raft;, and the operation of the
by a Sea King navigator, who was able to headset/helmet. The problems of
make a conscious underwater escape from a underwater escape should be described,
severely damaged cabin, whereas three other especially to the passengers who have not
crew members perished (Case 5). had a survival course. In particular the fact

that water will rush in very rapidly, it will be
Discussion cold and dark and that disorientation will

From 1952-1990, there has been an occur. Survival techniques should be

overall survival rate of 76%. These figures explained, such as adopting a good crash
position and not undoing the harness until all

comvare well with the U.S. Navy and British motion has stopped. Emergency exits and
experience. The U.S. Navy (12,13,15,16,20) methods for normal and emergency egress
reported an overall cumulative rate from should be discussed to give some indication
1982 to 1986 of 74% during day time and 65% of how much force is required to operate
during night time flying. From 1972 to 1988, emergency release handles, pushout windows
the British Military Services (7, 18, 25, 26)
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open emergency doors. life raft in a rapidly sinking helicopter. h2
concluded that even with g od regula"

Helicopters do not float well. Only 13% training and refresher training, t,,e possibility
floated, 26% sank or rapidly inverted and 20% of success is between 50 and 74% The solution
sank later. The results from this smaller to the problem is to mount the life rafts
series are a little better than the experiences external to the fuselage as in the Bell 214.
of -ther operators . Reader (18) reported on
94 ditchings in the British military ceries: 50% The old MK II Buaer life jacket was
of the helicopters immediately inverted and introduced into the U.S. Navy in 1946 (2 ) and
27% inverteu after a delay Ferguson's (12,13) is still being used by the Canadian Sea King
series of 28 civilian helicopters operating in aircrew. It is now outdated and soon will be
the North Sea, only 14 helicopters (50%) replaced by the new Mustang life jacket.
floated, of which two barely floated, one
floated inverted, one capsized "quickly", one The performance of the immersion suit
capsized after an hour, two sank "eventually" has been disappointing. Considering the
(after some hours), and two sak!- during thousands of hours that the aircrew have put
salvage operations. In the other 14 accidents, up with the discomfort of the immersion suit,
ten helicopters (37%) sank rapidly, one sank only to find that it worked satisfactorily in six
inverted and three sank with the fuselage personnel, and was of very marginal benefits
broken int.) pieces. In two cases, the in five personnel reveals that it is time to
helicopter broke up in midair before hitting review the philosophy of immersion
the sea and sinking. In two cases the protection for Canadian military helicopter
condition of the helicorter at the time of aircrew.
impact with the sea could not be established.

It was also observed that the sUrvival
Difficulty with joployment of the multi- rate was improved if the aircrew had

placed life raft, has been reported by Anton (6) experienced training in a helicopter
and Reader (18). This difficulty was underwater escape trainer or had been (for
confirmed in this series tou. There was one instanc) a ship or sports diver. As a result, all
case where it could not be launched, one case aircrew in the Canadian Forces must now
whore the helicopter rolled ovwr on top of it undergo formal practical underwateL escape
and another case where it was only launched training 3nd this new programme is working
after a lot of difficulty. Bohemier (9) has well, although there have been no ,ccidents
receatly conducted a study using 27 naive to evaluate its effect since its instigation.
subjects in the Survival Systems helicopter
underwater escape trainer configured to the The other two problems for making a
tail section of the Sikorski S-61 (figure 2) to successful underwater escape are an ability to
investigate the ability to deploy a multi-place breath-hold in cold water and the ability to

overcome disorientation/poor vision. T h i s
is vividly described by Gill (9 ) after his first
escape from an underwater trainer.

"DITCHING"

As the HUET drops, I can see the

water su,.e upwards through the deck

and I take a deep breath. Two things
immediately happen as the turbulence

engulfs me; a nose full of water and a
loss of any visible reference points.

As the fuselage inverts I find
myself upside down. Sitting upright is

Figure 2 a contradiction. They should have told

A typical helicopter underwater escape me to sit downright, to force my body

trainer (HUET) courtesy Mr. Bohemier, against the buoyancy that is pulling
Survival Systems, Dartmouth, Nova Scotia. me to the floor of the HUET.
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Conclusions

Nothing makes sense anymore,
except the urge to exhale and breathe. From 1952-1990, a period of 38 years
Stabs of light are coming from all there have been 17 helicopter accidents. Ten

different directions. Nothing is where of these have been in sea water, 7 in fresh

it should be. I don't know how much water.

longer I can hold my breath. I don't There has been no apparent correlation
think I can get out. I can't see the exit. between geographic location and either

incidence of accidents or number of fatalities.

Finalky, I get my seat belt releasedand immediately I begin to float. If The Sea King helicopter showed the
only I could get upright things might highest incidence of water ditching with 11

cases (66%), 10 in sea water, 1 in fresh water.
improve.

The Kiowas show the next highest

As I float upwards, my legs incidence of a water ditching with 4 cases

flailing, I realise I am getting tangled (24%).

in the seats (which for some strange The overall survival rate was 76% which
reason are now located on the ceiling is similar to that experienced by other
of the cabin). I claw my way operators of military and civilian helicopters.
downwards, against the buoyancy, to
find an exit. Any exit. Mechanical problems caused over fifty

percent of the accidents, followed by

The aisle. If I can make the aisle I disorientation and pilot error, each of which
caused 23% of the remainder of the accidents.

can forget the right exit and get out
through the big opening in the rear of There have been 5 accidents at night and
the HUET. The aisle is not there, in two cases darkness contributed to the

neither is the exit. fatalities.

Wait... what's that patch of light? The warning time in all cases has been
less than three minutes and in 14 cases (82%)

The first problem is not new and was under 15 seconds.
originally addressed in 1945 (1) by providing
aircrew with an A-13 mask, A-14 oxygen The helicopter floats poorly in water and
regulator and USN walk-around assembly. like other operators, the experience of the
In the last 15 years, various compressed air Canadian Forces has been very similar, only
supplies have been examined 13% floated, while 26% sank or rapidly
(12,13,17,21,22,23) and are now in service inverted and20% sank later.
with the U.S. Navy,. the Italian Navy and the
Canadian Sea King Squadrons The U.S. Also like other operators, in a rapidly
Coast Guard developed a unique life jacket sinking helicopter, there has been serious
that contains its own supply of oxygen which difficulty experienced in deploying the multi-
is also in service. The U.S. Navy HEEDS placed life raft.
system has already proved its worth, yet all of

these systems are an interim solution and Considering that primary life support
work continues to find improvements. equipment, such as life jackets and life rafts

The visibility problem has been admirably should work perfectly, there have been a

investigated by Allan (3,4,5). The addition of number of failures.

a simple illuminated bar that strobes quicker Rescue in helicopter ditchings in water
as the survivor approaches the escape hatch has been very quick, the longest time spent in
is an excellent simple solution, but to date has a life raft was 4 hours.
not been implemented in any Canadian
helicopter and may not be implemented in the Survival training, underwater escape
new EH 101 which is proposed as a training and experience as a diver all
replacement for the aging Sea King fleet. contributed to survival.
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The immersion suits, an unpopular 9. Bohemier, A. Chandler P. and S. Gill.
garment with aircrew has not performed well Factors Affecting Egress from a Downed
and the whole philosophy of immersion Flooded Helicopter. Canada Oil and Gas
protection requires review. Lands Administration. Technical Report 109

Ottawa, Ontario. February 1991.
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Etude 6pid~miologique sur la p~riode 1980-1991
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Helicopter ditching in the French Navy in years 1980-1991. By P. Giry, P. Courcoux&
J.P. Taillemite.

During the years 1980-1991, 11 French Navy helicopters ditched in the sea 3Super-
Frelon, 3 LYNX-WG13 3 Alouette III and 2 Alouette LI, 10 of their being equipped with
flottability devices. Structure default was the identified cause of the accident in 2
cases, engine failure in 5 accidents, human error in 5 issues, the last one being
unknown. Three accidents occured at night, the 8 others during day-time. _54 persons
(34 crew, 20 passengers) have been involved. 7%12 cutca-- ha;be 10 dad o
disappeared, 4 wounded and 31 uninjured.

The aircraft capzised in 8 out of 11 occui-ences, almost immediately af ter ditching in
6 cases, after a delay long enough for all the crew to escape in 2 cases. In one of
these last occurences, all the crew but 1 survivor (13 people) died (probably from
cold exposure ,). In the other one (ditching in shallow warm waters, close to shore) no
casualty occured (10 safe). Escape problems have been reported in 2 accidents (5
people involved), leading to 3 casualties a3nd 1 injured. Localization of survivors has
been a major problem in 1 accident (visibility was so poor that only sound signals
could be efficient).

Data are analyzed and compared to avail3ble information.

Les accidents d'h41icopL.4res au dessus de ANALYSE DES ACCIDENTS
1'eau sont relativement frequents, surtout Dans la Marine Nationale~, 10 cuxiaeil
depuis le ddveloppement de l'hdlitransport Pecrmanent de !a Sdcurit6. A6.tienrie de !a
vers les plate-formes p~troli~res de la Marine (CPSA/MAR) rdunit 1'ennsemble des
Mer du Nord. Bans sa revue de 1991, Brooks informations concernant lea accidents
3ignale 11absence de donndes en provenance d'adronefs. Sur notre demande, ji a
dec la Marine Nationale. Le but du prA-eenL ýcpertorid les accidents d'hdlicopt~re
travail est de colliger lee accidents :3urvenus au dessus de l'eau pendant la
;urvenus dans l'Adronautique Navael pdriode s'dtendant du ler Janvier 1980 au
97ran~aise entre le ler Janvier 1980 et le :31 Aofit 199:; uls ont concernd 11 ap-
31 Aodt 1991 pour en analyser lee donndis pareils et 54 personnes
et lee confronter evec: celles de a..
litterature. MhY~GNRL

P ouir faciliter la cu ily i I e IIsi ~U 1, l~e
Cette 6tude ne rdpertorie pee lee autrfns tablaau I donne la liste des accidents et
accidents survenus dens la Marine leur principeles caiact~ristiques. Dens ia
Nationale, luaie dens des conditions suite de cet eXPU96, tutis (corps
diEff~rentes (eutres types deedronefs, retrouv4s) et disparus (corps non

* accidents sans amerrissage, etc .... retrouvds) seront confondus
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Tableau I :accidents dbh~licopt~re au dassus de I 'eau survenus dans la Marine Nationale
(p~riode du ler Janvier 1980 au 30 Ao~t 1991)

FAccident I Appareil 1 -P-e-rson-nelsIi Issue
I P N a ax Tuds IBless~s Inden

lB SUPER-FRELON 6 86 7 r rC iSUPER-FRELON 
4 6 

10D YNX-WG13 3 1 4
E LYNX-WG13 3 0 13 I

F YNX-WG13 2 1 I 1
G ALOUETTE 111 2 2

H ALOUETTE 11 41
II ALOUETTE 111 2 2 I 4

I ALOUETTE 11 2 1 11 3
K j ALOUETTE 11 2 I2J _ _______

11 s'agit d'appareils, soit congus pour 'rYPES D AERONEF (tableau IV)
.'Adronautique Navale (SUPER-FRELON, LYNX-

WIG13) soit navalisds (ALOUETTE II et III) Tableau IV :Rdpartition par type d'appareit
A 1 exception d'une des Alouette II, tous d,3s accidents d'h~licopti-re surveiw'- dans
ont une flottabilitd positive assurde par la Marine Nationale entre 1980 et 1991
construction (coque du SUPER-FRELON),
adjonct ion de volumes de flottabilitd 4 Pe-f-~--e- Nombre Nombre de persorles
(boudins lat~raxix gonflablps sur ALOIJETIIE ~ ar1 d'accidents
11 et III) ou de retardateurs d'irnrersircn IEquipage Passagers
(ballons de roues sur LYNX-Wc,13). SUP'ERH-E11LvN 31 14 14

LY.X_.G1 3.8 1
ALOUETTE 111 3 82

]:BEQ1ENrR (tableau II) ALOUETTE Il 2 4 31

Tableau 11I r~partition de la frdquence
des accidents

La repartition des accidents par type
'IR-We- 8 0 81 8Z 83 a 4 5 6 8 8 d'appareil ne permet pas de mettre en
Lombre 3 0 1 2 0)I ~ 0 O tvidence un frequence particuliare ear un

ALOUETTE III et 2 ALOUETIE 11).11 tie kilus
La fr~quence mayenne des arcidents eat de I~ pas ete possible de LdppurLer ces
J./an. Ils concernent en moyenne 5 chiffres au nombre d'aeronefs en service
personnes par an (3 membres d'dquipage et ou au nombre d'heures de vol par typ~e
2 pasgagprq). dbh~licopt~re.

(AUSE (tableau III) IEQ~qK"KHC- (tableau V)

Tableau V :Consequences des accidents
Tableau III :Causes des accidents au plan humain

ri~per tur lea __

e-Isue E i Ta-ge-T Totaqrs al

Calse No r,4 as -- u 11 2 1 2
'Techni que Avrie de structure! 2+* Disparus 1 2 7 3 8 15I fAvarie moteur 5 !D*DG+tsK Blesads graves 1 2 1 2

umalne B less~s Idgers 2 4 1 2 3 6

Inconnuei Indeanes 19 3 12 22 31 57
o a

Les accidents ayant une pour origine une Ceci repr~sente en moyenne par an 1,7
c:4faillance m4canique sont les plus taort ou disparu, 0,36 blesse, 2,8
fr~quents (64%). Dana ce groupe, les 1.ndemnfls. La proportion globale de
pannes m~caniques non lides A la structure survivants est de 65%.
Eont la cause la plus souvent identifide
(70% des avaries mecaniques). Dans les £IRBM EE
ceux cas oii la cause de, 1 accident eat un Sur les 18 cas o~i Ia cause du dec@!s est
di~fauL de structure, ii s'agit d'un difaut 1.dentifiie avec certitude ou hautement
Sur une pale du rotor principal d'un probable :13 sont dus au froid par
SUPER-FRELON. ,.mmersion dana de 1'eau & 10*C (B), 5 sont

probablement dus A la "brutalitd" de
Luerreu1: humaine Wiest a l'origine que de IlIimpact avec la surface de la mer (A et
27% des amerrissages. Es); il est impossible d'affirmer que clest
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e.- choc qui a 4t4 mortel mais ce point do des survivant a pos4ý des prublemes
vue semble le plus probable. insurmointables.

jI SCONSTANCES ACCIDENLT PBLLCULISB
Trois accidents out ou lieu do nuit (27%). be cas B mdrito uno description et un
Pour 1'un d'ontre eux (E), ii n'y a ou commontaire. Un SUPER-FRELON transite
aucun roscapA. Pour lea 2 autres (C & F], en hiver entre le continent et la
ii n'y a pas eu de victime. Il nest pas Gorse. A son bord so trouvent 3
possible d'analyser au plan statistique la inembres d'dquipage et un groupo do 11
diffdrence jour/nuit. Commandos Marine. D'apr&s lea

informations rocueillies, aucun
DURE D MANTIN SE LEAUdoentre eux ne' porte de combinaison

A lexception des 3 accidents impliquant dtancho (e110 n'4tait pas obligatoiro
des Alouotte 111 (27% du total), tous les pour los adronefs nulti-moteurs a
appareils out sombr4 (73%). cotte dpoque). Travorsant un grain de

neige, (tompdrature do lair !•0*C), 2
Apr?ýs amerrissaqo, i'apparoil coulo ties 3 turbines sont dtouffdes. L'4qui-
imm~sdiatemont dana 4 cas ( 36%). La durde page pose l'appareil sur lueau (creux
de maintien A f lot est 'br~ve" dana 2 cas de 2-3 n~tros, TH2OlO0 'C, visibilit4ý
(18%), chit frde & environ 40 minutes dans quasiienet nulle). Celui-ci roste "A
1 cas (cas B), et suffisammont longue pour plat" un temps suffisant pour que
permettre un ensemble de manoeuvres do l'dvacuation compl~to so tease en bon
sauvetage, tant de liqcuipaqo que de nrdro (dur~o avant disparition
l'appareil dana los 4 autres cas (36%). c:ompl?-te do l'avion >40 minutes).

Avant l'6vacuation compl~to, un des
CONDITIONS DE L'EVACUATION passagers oxtrait do l'apparoil un
Dana 9/1l accidents, quand 1 impact ne fut "colis orange" non arrind qu'il ponse
pas trop violent, ou/et quand le litre !e natdriel do sauvotago; cc
t~moignago des rescapds oat disponible, dernior coule immddiatenont. Tous los
lea conditions d'dvacuation ont pu dtre occupants se retrouvent Za lexteriour,
analysdos. Elbas sont rapportdes au nombre brassitre do sauvotago gonfl~o.
do sujots concernts dana lo tableau VI. L'hdlicopt~re "cabana" alors (mais

rosto & flot, invers4), ot il nest
plus possible do rentrer a l'intdriour

Tableau VI :Conditions do l'4vacuation do pour nicupdrer le mati~riel do survie
laippareil (Nombre do personnes concorn~os; (et en particulior lo radoau do
*dvacuations hors oau ou & faible immiersion sauvetage). Un BREGUET ALIZE survole

selon lea porsonnos) !e lieu du nciufiage eniviron 40 minutes
apri~a laccident. L'6quipago aporgoit

IAvant immersion( Sous l'eau impossible Non la quouo do l'appareil et 2 naufragts.
I rapport6i Ii no voit pas los aiutros qui sont

ND, is Nb b Nbr partis en 2 yruupes, respectivement
f it fby _ Ij j & 30 ot 100 matres do li4paev. Plus

A,;ý J I tard, un BREGUET ATLANTIC survolo la
zone, ot no voit ni lea naufragds, ni
les fusdos do d6trosao tir~oa lora do

(.evacuation a pu so faire avant quo sun passage. A ba tomb~o do be nuit
Ilapparoil no s'enfonco pour 37 personnos (environ 5 heuros aprw's l'accidexiL),
(19 membros d'dquipago et 18 passagers , ii roste 2 survivants. Les techerchos
69% des porsonnes transportdoa). Ello sont poursuivies do nuit par des

cotfaite sous l'eau pour 11 personnes btmnsd ufc. Lndsnu
(9 membros d'4quipaqe, 2 passaqors soit fre'Jds voit passor A proximit6 un
;0% dos porsonnos transport~es). Ebbe a remorguour. 11 crie ;le bateau lo
~t4 consid~rde comme impossible pour 3 ropi-che. Il sera lo soul survivaint
porsonnos (tous membres d'dquipage, 6% des (aprts environ 7 houros d'immersion).
personnes transportdos). Los rocherches sont poursuivies et

retrouvont 7 corps inertos.

11 eat rapport4 des difficult~s
d'4vacuat ion pour 7 personnes au cours des I
6ccidents A ot F (3 pilotes, 1 copiloto et Cette sdrio est bimitde. Toutofois,
3passaqers, 18% dos porsonnes 4vacu6os(. l'analyso statistique a dt4 tontde.

INCIDENCE ET CONSEOUENCE DES ACCIDENTS
Dans lea accidents D et K, 1A situation a Los accidents d'hdlicopttro au dossus do
4t4s mixte :le tromps denfoncement a 4t4I l'oau sont pou nombreux dens la Marine
rapids; une partie des personnels a pu Nationale (1 par an on moyenno).
4vacuer hors eau, alors qiie le rests de
l'6quipags a dOl Avacuer apr~s immersion Dans notro statistique, aucun typo
partielle de l'apparsil. clapparoil n'a plus deccidonts quo les

autres. Copendant, il faut notor quo lo
LOCALLISATIOK DRS SURVIVANTS parc do LYNX-WG13 eat plus important quo
La localisation du sits de l'accident a celui des autros appareils, et quo leur
4tA& connus dana tous les týas. Celle des principale mission 4tant la lutto anti-
naufragois na peas pows de prohi@,me majour s~ois-marino (on particulier & bord des
dens 10 cas. En revanc-ho, pour le 114ms tr~gates), lour activit6 leur impose do
(B), bion quo le sits de 1 ac-cident ait longs s4jours on vol stationnairo au des-
Ot6 parfaitement con-nu, et quo des moyesn sus do beau. En rovanche, les SUPER-
de reptrage tent adriens quo do surface FRELON sont rolativomont anciona, ot louts
aient AtA pinches . la vislbilit-4 qi'w zone missions comportont do longues durdos do
4tait toilemont mauvaise quo be rep~raqe survol maritime (liaisons, missions SAR,

.d
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etc...) Ii eut dtd intdressant de Tableau VIlIb :comparaisons des statistiques
rapporter le nombre d'accidents au nombre pour Les hdlicopt~res militaires de faible
d~heures de survol maritime par type tonnage
d'appareil. Les donndes ne sont pas
disponibles avec une prdcision suffisante
pour permettre un calcul valable. ann e Autres Marines

Nationiale
Nous avons compard nos statistiquas avec Muts3 27
celles disponibles concernant 1 ensemble uvans13
des accidents d'hdlicopt~res militairas en Mortaite jrz 5;
nous basant sur Les donndes, rapportAdes par
Brooks (tableau VII).

fin ce qui cancarne las apparelis de faibie
Tableau VII :compadrisons des stat istiques tonnage, le taux de survie que nous obser-

pour !'ensemble des appareils 'ions (88 ± 2%) est significativement supd-.
riaur A celui des autras Marines (65,4 ±
:3,4%). Le taux mayen de survie est de 71,2

Niat ionale -4%)

..or -S 7
_-Z.urvi~vants 79 -l- est donc tr~s probable que notre taux
mortalif- it±7% de survie global plus taible soit lid au

C4 = ".15P < U U ipoids de l'accidant B (qui nintervient
pas dams la statistique des nalicopteras
de petite dimension). En revanche, le taux

La proportiun de survivants est plus dea survie plus e§leve que nous observons
I aible dans la Marine Nationale (65 + 7%) avec Les appareils de faibla tonnage tient
qua dans l'erneibble des Marines wiliLaireas trbs probablement aux accidents
(76,4 ± 1,3%). Il semble que cette WALOUETTE, pour lesquals tous leas
disproportion soit principalement due a personnels ant survdcu.
"importance relative de acdetB(
accident sun 11 reprdsente 68% des Inorts). PROPORTION ET CAUSES DES DECES : Dans son
~icat accident n'est pas pris en conipte, analyse statistique, Brooks indique una

]a proportion de survivants dans notre proportion da norts comprise entra 20 et
statistique devient 85 ± 6% ; elle est 45 salon Las sdrias. Dams la notre, la
alors plus faibie qua pour 1'ensemble des proportion de marts (corps ratrouv(?), est
Marner~s militairas (c2 = 4,26, P<0,05). de 28%, ce gui serait dans la noyanne ce

Brooks. Mais si le regroupamarnt
L'analytse a dte faite en tonction du morts+disparus (corps non retrouvt's
tonnage des appareils : moyen' (SUPER- rapidament), la proportion monte A 49%, ca
FRELON, SEA-KING, SEA-KNiGHTj, 'faibie" qui est A la linite supdriaure indiqug~e
(LYNX et taille infdrieure) :tableaux par cet autaur.
VIlla et b.

Les causes da la mort se r~partissant en 3
APPAREILS DE "MOYEN" TONNAGE :Pour la catdgories :au moment de 1 impact,
Marine Nationale, sauls Las 3 SUPER-FRELON impossibilitd d'dvacuar l'adronef, liez
tA, B, C) saint concarnes. aux conditions de survia. Il east difficila

de faire la diffdrence entre Las deux
prami~res categories, surtout quand les

Tableau VIlla: comparaisons des statistiques corps na saint pas retrouvds. Dams notre
pour les h~licopt~rea militaires de mayan etude, alias sa r~partissent comme suit

tonnaqle

ar Mrne IAutres Marines Fimpact ou evacuaT:n
orNationals . (hRThinihil

Turviv~anTs I TTim307
__________________5______ I2 a cause qui a fait le plus de victimes

C' 4,9 r7", r -dams natre statistique ast certainemant
l.hypothermie (72% du total des marts ou

disparus, dams 1 saul accident). Il s'agit
dles 13 personnas concerndes par 1 accident

lIotne proportion de survivants (43 ± 9%) U. L'abaque de Molnar (sujets tout vanant)
-ast plus faibla qua pour Les autnes prevoit un temps de survie dams de laeau A
"Marines (82 t 2,0%). 11 eat probable que 10"C compnis antre 1 haure (pas de mart)
.:ette diffdrenca tient A !'accident B dams ot 3,5 heures (100% de marts). Celia de
lequel ii n'y a au qu'un survivant (13 Ebouteliar pour lea m~mes conditions
morts cur un total de 16 dams notre indiquant un tamps d'attainte de
~sdrie). Pc-r laccidant A, la proportion Trectalr_-35'C compris antre 5,2 at 4,5
de ddcls eat 6galemant tr~s dlavde (3/4). ktaures an tonctian de la vitessa du vent

(sujat mu a panicula adipeux de 20 mm).
En revanche, pour l'accidant C, aucurta Saunders, pour leas conditions citees, as-
perte Wa At6 d~plorde (0/10). time un tamps da survia de 6 haures. La

saul rascape a ate racueiili spree 7
APPAREILS DE "FAIBLE" TONNAGE : Pour heuras d immersion. Ca tempseact nettament
conE irwer ce point, la amam analyse a atd supdrieur & calui pre~vu par Molnar at
I aita pour lea appareils de faibla tonnage boutalier, mais dana 1aordra de grandeur
(capacit& d'emport infdrieure ou dgala & prddit par Saunders. La tamps da survie de
celle du LYNX-WG13). ca naufrsgd vient paut-6tre du fait qu'il



I-etait rompu aux situations stressantes et maintien A flot a ete le plus long
de survie (commando Marine), et etait en ::oncernaient les SIJPER-FRELON, dont la
pleine possession de sea moyens physiques. flottabilited est intrinsýýque : !a pairtie
Dana cet accident, un certain nolabre de infdrieure de cellule est en forme de
facteurs aggravants sont venus compiiquer cardne.
!a situation :absence de port de !a
combinaison dtanche pour I'equipage, et R61e des flottabjlitds additionrxelles
donc d~faut de protection thermique ; le dispositif dquipant les Al'ouette I
impossibilit6 de rdcupdration des 1G, H, 1) semble particuli.1rement
matdriels de survie (radeau de Sauvetage) efficace :il a permis lIa rdcupdration
et donc de se soustraire A l'immersion. des3 pparails d-- cc ty-pp accidentds,

sans aucun blessd ni mort. Toutefois, ce
Naus n'avons pas la notion de prise type de flottabilit6 ne peut dtre
position de protection thermique (Help cu appliqud qu'-b des appareils tre!s ldgers
Huddle) dont l'efficacitd a dtd prouvde (le volume ndcessaire serait
(Col~ii et al). L'dtat de la mer a disproportionnd pour des appareils de
provoqu6 la dispersion des naufrag~s, ce fort tonnage).
qui a emp~ch6 leur repdrage. Tous les
nauf rages se sont retrouvds en surface, R6le des retardateurs d'inmersion :le
brassiere gonflde au moment du retour- r6le des retardateurs d imnersion mis en
nement de l'appareil, et la noyade semble place sur lea LYNX-WG13 n'est pas de
donc peu probable. La mort par hypothermie maintenir lappareil. A f lot en position
eat hautement probable dana cet accidlent. normale, mais de limiter la vitesse

d'enfoncenent. Dans Vaccident D, ils
En ce qui concerne lea autres causes de ont maintenu l'appareil retournd en
dd~cs, elles sont le plus souvent acciden- surface, linitant !a profondeur 2&
telles, lidesa u condition de limpact. laquelle l'dquipage a dd dvacuer (2
Dans le cas E (3 morts), l'examen des motres environ). Dans le cas F, il ont
corps retrouvds d-,.ns Ildpave a montr6 que dtd inefficaces, l'appareil ayant could
la cause de la mort dtait la gravit6 des inmmddi-atement.
blessures aua moment de 1 impact.

a'JACUATION :L'dvacuation n'a posed ce
Dana l'accident A (3 morts, 1 bless6), le problhme que dans uni nombre r'-&dui-t
rapport fait dtat de l'impossibilitd d'accidents (F, G). Le tableau !X rdsurne
d'Ovacuer, sans autre d~tail. Il nest lea cas oO- lea personnels ont eu &ý dvacuer
donc pas pasaiblc d'dtablir de conclusions ilappereil.
fermes aur cet accident.

Tableau IX ;Situations dd-~vacuatirii
ANALSE ES ACIDNTSdes survivaiuts

VitAle et conditions d'amerrisaae
I'amerrissage s'est produit A grande
vitesse pour lea accidents A, E, J causant II Sous 1'eau En surface Total

6 marts et 4 blesses (0 de ors. Cette quipagers 4l
martalite eat nettement supdrieure A la assogersio
moyenne generale. Quand l'amerrissage a eu
lieu a faible vitesse, 11 n'y a pas eu de
mart du fait de l'impact. Ell Ce gui concefne les 6quipages, !a

proportion dd6vacuations sous l'eau (29±
RJetournemfent :Aucune des ALOUETTE III ne 9%) et hors eau (71 ±r 12",) sont
s'eat retournde. 11 semble que leur significativement diffdrentes. Ce point
dispositif de flottabilitd salt es prabablement dQ & morac
oarticulibrement efficace. Dana tous leas elative des accidents d'ALOUETTE III,
autres cas, l'appareil s'eat retournd pour lesquelles il y a mczns de passagers
avant de couler. Pour 2 d'entre eux, le que dana les autres appateils. Pour tenter
retournement a d4t tr4ýs tardif (B, C). Lea de determiner si le type d'appareil influie
cons~quences du retournement peuvent Atre sur lea conditions d'6vacuation, nous lea
directes (difficultd d'dvacuatior. de avons compard pour les seuals 6q-uipages de
l'appareil; (F, G), ou indirectes (dana le notre statistique.
cas B, il a rendu impossible le d~gagement
des dquipements de aurvie ; cause de la
mart de 13 peraonnes). Tableau X :repartition des types

A partir des informations dispanibles, d~dvacuation de 1'dquipage en fonction
l'dvacuation ne semble peas avoir posd de du type d'appareil
problbwme particulier & nos 6quipages.

Appareil ous eau n sur ems
DUr tda 4anlnAfa Le dur4e de SPRFEO U -- 1
maintien & flot eat tr~s variable. Eile LYNX-W(;l3-- - 0
semble plus lidse aux conditions de AOETIII

* leVccident ou au type d'appareil qu'aux LETEI5I
conditions mdtdorologiques. Quand -_ ___

Vappareil peut se poser de faigon rela-
*tivement douce, elle est suffisasiment 11 ny eu d'dvacuation sous; leau ni avec

longue pour permettre une dvacuation (B, lee SUPER-FRELON, ni avec lea ALOUETTE
C). Lore des impacts brutauxc, il na pas III. Il n'y a pas eu d'dvacuation en
dtd d~crit de temups de flottaison surface avec lee LYNX-WGl3. Il semble donc
significatif (A, E, J). que le type d'appareil influence les

R~l lefae d l celul le dux circonutances de 1ldvacuation.
R61ele orm dela ellle ea eux L'Ovacuation subaquatique semzble Atre la

accidents dane lesquels le temps de r~gle avec lee LYNX-WG13.



38-6

En reprenant lensemble des informations possible que cette diffdrence soit due au
disponibles ayant concerna§ des LYNX-WGl3 taux dleve de passaqers non entrainds dans
(France + Pays Bas + UK + Danemark),I on les accidents civils. Nous avons donc
retrouve 8 accidents. Sur 6 cas, 17 s~pare, pour l'dtude des accideaits civils,
personnes ant dt impliqu~es. En se ceux avec plus de 5 persannes A bord
referant uniquement aux Personnels (forte proportion de passagers) de ceux
Navigants, 13 membres d'6quipages ont dt6 pour lesquels ii y avait 5 persannes ou
concernes, et ii y a eu 7 survivants mains a bard (forte proportion d'Aquipage,
(54%). Nos donndes font etat do 8 PN tableau XIII).
concernes avoc 5 survivants (63%). Ces
chiffres saint taut A fait comparables.

Tableau XIII :Conparaison de la mortalitd
Roprenant toutes los donndes do Brooks entre accidents civils avec plus de5
(civils et militaires), nous avons tentd personnes A bord et ceux avec 5 Cu mains
do ddterminer s'il y a une relation entre
le taux de survie et la taille de civils 5J31F vi a > S
l'appareil. Pour ne pas compliquer ors 51
l'analyse, souls ant dt retonus lfes FSurvivants j 29 187
anombres d'dquipage (qui ant probablement Martalite ± I
tous ettectud un entrainement A l'dvacu-
ation), 6liminant systdmatiquement les c 8,9P< =T

accidents dans losquels il y a surement
des passagers non entrainds, ou dans Lea ndutbau II more ue a
lesquels la distinction n'est pas possible ortalit du etapleus Xlevd danaequ los
(talbleau Xl). mraid et pu lve dn e

transports A forte proportion de passagers
(>5 personnes A bard, 39,9 ± 2,1%) que si

Tableau XI :Camparaison de la mortalit4§ le nombre de passagers eat faible (,
en fonction de la taille des appareils personnes & bard, 14,7 t 6,3%).5

(personnels concernds)

Dana lea transports A faible proportion de
passagers, 11 est probable que la

Tonnage Moyon ai e proportion d'dquipages qui ant subi un
Morfs-183 entrainement spdcifique eat plus grand(!.

ISurvivants 30 f 7 Pour dclaircjr cc Po int, nous avolls
I Mortalitd 3±2 4±5 compard lea accidents civils "& forte

c > 0,90 proportion d'6quipage" aux accidents
militaires (tableau XIV).

La taille du porteur ninfluonce pas la
probabilit6 de survie (toutes sources
contonduos). Tableau XIV :Comparaison do la mortalite

entre accidents militaires (tous confondus)
Rble dA leAntrainemant :D'apr~s nos et accidents civils avec 5 persornnos
chiffros, chaque fois que l'dvacuation au =-inn A bard
d'un equipage a dt6 tentde (aujets non
gravement blesses), elle a r~ussi. Un soul
pasaeger a dd tvacuer l'apparoil sous ~i aire vl
1oeau (cas G). 11 a et6 aide par le Mrs--!
copilote de i'apparoil. Dans tous les survivant s -- 7
autros cas do transport de passagors, *-7-o-rtiite
le6vacuation a pu soe faire hors eau I
(SUPER-FHELON). 11 nest danc pas possible c2 1,46P<0,

d'affiranor, A la seule lumibre de ces
informations, si lea passagors (non 5011151 Loexamon du tableau mantre que la
& loentrainement de l'Ecale do Survie et diff~renco nest pas significative 10l
do Sauvotage de l'Adronautique Navale, taux do survie des equipages militaires
ESSAf4) courent des risques plus inlportants (76,4 ± 1,3%) nest pas diffdrent do celui
jus lea sujots entrainds. Nous avons tentd des accidents civils & forte proportion
l'analyse en .roprenant l'ensemolo des de6quipage (85,3 1 6,1%). Cette
donn~ps fournies par Brooks (civils et c~partition peut provenir de 2 causes:
niilitairesi. ulans lea transports civils, les aeronefs

sont diffdrents ontre vols A faible ou
Tableau XII :Comparaisan de la mortalitd forte proportion de passager (avec en
ontro accidents militaires (tous confondus) particulier de nombreux hdlicopt~res de

eot accidents civila en Her du Nord cechnologie ancienne en milieu civil);
Les equipages d'hdlicopt~re, civils ou

- j iilitaires, ant en g~ndral At6 soumis a un
.1 arii lviS *ntralnement ai l'dvacuation, co qui West

Surviats 799 216 pas possible pour leas passagers.

Morta-t -2T- ± ; 1 (111 II [ eat probable que la diffdrence entro
C' Z4, V < 0,U Les taux de survie des pasasgers et des

6quipages viont do cette derni~re
diffdrence. Quand cotte s~paratian

L'analyse statistique montre que la eAqu ipage /paaaagers eat appliqude A natro
proportion do marts eat plus iniportante sdrie, la diffdrence neat pas retrouvde.
Jana lea accidents civils de Her du Nord La cause en eat probablement encore une
(37,4 ± 2,6%, Mayenrie ± SD) quo pour les fois l'accident B, qui coasporte A lui soul
3ccidonts militaires (23,6 ± 1,3%). 11 eat 72% des ddc~z.
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Rnutite de szortie Aucun des rapports de risque de s'accrocher au passage ;ce
La Marine Nationale ne fait dtat de point peut dtre minimisd par lintdgration
clifficultds a identifier les -issues, peut de l'inhalateur au gilet de sauvetage.
(Itre parce qu'il s'agit dans tous les cas
dIappareils de petite dimension (LYNX-W.G!3 - de lentretien (vdrification de gonflage
it ALCUETTE II) a faible proportion de prdalable de la bouteille, etc ... ), nais
Passagers. On peut supposer que !a ceci sort du cadre de cette dtude.
formation donnee par lESSAN permet atkx
equipages de connaitre les routes dle La frequence des evacuations sous l'eau
sortie. Le seul qui aurait pu avoir des pose la question de l'investissement pour
difficultes est le passager de l'accidertt la probabilitd d~utilisation. Dans notlre
G; le comportement adapte du treuiiiiste sdrie, il aurait peut-@tre po sauver 3
lui a permis de ne pas avoir de problem(!. vies humaines sur les 39 mises en danger).
11 est probable que cette difficulte doit
6tre majeure dans les helicopteres de Empnlacement des mat6riels de survie Dans
transport, pour lesquels l'entrainement le cas B, lemplacement des matdriels
des passagers ne peut dtre fait. collectifs de survie est madnifestement

inadapt6 leur repdrage a dtd impossible
Pr~oaratinn du vol :La prdparation du vol par on passager (non initi6), l1extraction
a tr~s probablement 6te ddfectueuse darts du matdriel reel e;est avdr~e impossible
le cas B. En effet, ce vol se faisait jno apries le retournement de l'appareil.
profit de sujets habituds A trans-iter en
ftelitcupLeie, eL le biiefittg a peut 4tre Une situation analogue a 6t6 dtdcrite pai:

6L 6courte. 11 est 6tonnant que, alors Anttont (accident G-BBHN). Dans les 2 cas,
Uue l*amerrissage a t assez doux, le le retournement de l'appareil est e!n
chef cargo" ne se soit pas immddiatemerit cause. La n.,ise de cet 6quipement a

uccup6 de repdrer le matdriel de survie 1'extdrieur serait certainentent urne
(pLIIJblNtke de panlique ?). D'apr~s ITe excellente solution. Vue la ffdquence des
Lappurt . otti des passagers extrait dea positions retourn~es, ii faudrait placer
1iappateil utt "culis orange' non arrinid ce materiel sous les cellules poor quil-
qu'il peiise &tre le mtateriel de sauvetage; reste accessible ;se poserait alors 'a
ce dernier coule ieuuediatement". Ce passa- question de son amarrage :ii doit @tre
YeL tI'd pas PU idettLifiet le ttte~riel rutt suffisamment solide pour resister atix
questiont, Cest dotic qv-ý personne ne lui a contraintes, mais facile a largoer sans
iiidiquCý oij Lrouver le tiat~riel de survie outil pour un sujet immerg6 dans leau
,?okns cet appareil. A la deoxi~tte froide.

pecsonne n Ia pris le risque de penetrer a Suvi Dans l'accident 13, le probl?ýne
1'inti~rieur de ia cellUle envahie par essentiel a dtd celui de la survie en ealu
i'eau. La cofliais5&ttce Insuffleante dtis froide. Ce type de probliý-me, bien quai
rnat~riels de survie par le persOrnnel n'4tant pas spdcifiquement adronautique ou
ambarque a sans doute joud un role lid a l'amerrissage des h~licapteres, a
Jetermininant dens le bilan homain de cet dtd la plus ittportante cause de ddct~s datis
accident. notre s~rne.

Inhalateurs dedvacuat-ion Devant Ia R~ru26ration des- NaufraaAs la
frequence des evacuations sous l'eau, durain es afag ptdrc n
Brooks propose l'utilisation d'inhalateurs problcupdation ds inaufrmnagd .s pct tre U
1'4vacuation. Ces materiels sont certes p~robl ie paost in~surmontbe.Dns notrea
interessants, en ce sens gulils lltnitertt s~ue, aii dest surviafrsquet quie 6ta
le risque de panique. Cependant, deux raueaindssrivnsn useArDrobi~ms puven dese usL; dnge de assurde que par des rnoyens de surface, ins

~robeme peuentde s poer dnge de conditions mdtdcrologiques ne permettant
surpression pulmonaire, si le sujets ps le rpae et nce mos e
Danique et ferme se glotte pendant la pasuilae redesg n taucoragoissl

remontee I g~ne occasionn~e par cet rulaedsnfag.

4quipement.

Le premier risque est soremant minimisable
par 1'entrainement, puisque le COCUSO

-mi~oaeji~tL adup~te est ac~quis lors de Cette 6tude, rsfrcinie, mte
I'appienitissage par les plongeors lies qua les accidents d'hdlicopt~res au dessus
'3xercices comportetit de tels types de de leau dans la Marine Nationale sont peu
iemon tee) . Sur Ce dernier point la fr~quents. Loun d'entre eux mis & part, le
:ozttroverse ieste ouverte Sur le rapport taux de survie est dlevd.
it-ýIit6/risque de ce type deantrainement.

Elle retrouve les principaux facteurs de
Le deuxi@!ma point, est plus complaxe et g~ne A 1'dvacuation d~crits par Brooks,
relý!ve de l'ergonomie. La gene peut avec cependant one moindre g~ne a
ipparaitra lors 1 Avacuation.

-du port permanent (encombretuent, poids); Lldvacuation subaquatique semble la r~gle
z~e point peut @tre rdsolu par Pour le LYNX-WG13, alors qu'ele est
l'utilisation de syst~mas A tr~s haute exceptionnelle avec les autres appareils.
pressiort (>300 b) en technologia modarne ; jeci pose la question de 1 adaptation de
zependant, la taille du d~tendeur l'entrainemant (qui ne semble pas poser de
ct~cessaire semble actuellament probl~mes aux dquipages, mais peuvent
lifficilement r~ductible. exceptionnellement en poser pour les

passagers), des dquipements de vol (port
- de l'dvacuation, par Il'encombrement de des combinaisons Otancfles polir les
1'ensemble bouteillo-ddtendeur, avec le passagers), des mat~riels d'6vacuation
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SUMMARY
This paper examines the United States were minor and the benefits of each program far
Navy/Marine Corps' (USN) experience with outweigh any risks. In fact, in night crashes
:.( licopter Class A over kater mishaps for the aircrew had significantly higher likelihood of
period from 1977 to 1990. There were 137 survival than passengers who were essentially
helicopter Class A flight mishaps over water untrained occupants. Other factors, in addition to
during this period with an overall survival rate of the devices studied, may have also affected
83% in survivable water crashes. During this peri- survival probabilities.
od, the USN developed several programs to im-
prove survivability. The helicopter water survival I INTRODUCTION
training device (WSTD or 9-D-5 device) was Survivability in aircraft mishaps is usually a
instituted in 1982. The helicopter emergency function of impact force magnitude and post crash
escape device system (HEEDS) and the helicopter environmental factors. Helicopter crash impact
emergency lighting system (HEELS) were imple- forces are often significantly less than fixed wing
mented in 1987. aircraft. As a result, a substantial portion of

helicopter impacts are potentially survivable.
This study attempts to answer the question However, when reduced impact forces are
whether or not these programs have, in fact, combined with water entry, the post crash envi-
improved survival since their implementation. In ronment presents unique challenges to the
addition, the study reviews the types of oper- survivors. Crew and passenger escape are related
ational problems encountered with these devices, to a multiplicity of factors, especially the actual
The results indicate that the WSTD and HEEDS egress from the aircraft.
may have contributed to the statistically
significant improved survival seen among Navy Escape may be hampered by the sheer bulk of
aircrew in night crashes. They may have also con- equipment worn, by problems in releasing restraint
tributed to the imprc ement (not statistically systems, or by difficulty in or inability to release or
significant) in survival among passengers in night open escape hatches or windows. The individual
crashes. The data were inconclusive with respect crew member or passenger may be unable to reach
to the effects of HEELS because of its not being emergency exits due to obstructions, equipment
implemented throughout the fleet. Operational hang-up, unusual aircraft attitude, or personal
problems with these (,,vices injuries. Indeed, survivors may become trapped in
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the aircraft. Although these factors are nc t unique The USN developed these systems as an integrated
to the water, they are certainly magnified at sea. package to address the most pressing problems
Impact at sea is associated with the additional identified in helicopter water impacts. The WSTD
problem of an immediate in-rush of water. It may would reduce the degree of panic, confusion and
be dark, even in the day-time and it is frequently disorientation during attempted escape, HEEDS
cold. The survivor will often experience confusion woudd provide sufficient time to reach the exit and
and disorientation. This may be compounded by HEELS would "light the way."
injuries sustained during the initial dissipation of
crash energy. He or she may be dazed, injured or This study attempted to answer two questions.
rendered unconscious. There may be problems First, have these survival interventions (i.e., the
with fire, smoke, or fuel, although these are infre- WSTD, HEEDS, and HEELS) reduced the
quent complications at sea. All of these problems mortality/morbidity rates from over water
have been well documented by other investigators helicopter crashes? Second, what kinds of prob-
(Refs 1 & 2). lems have arisen and been documented in using

these systems?
During the past decade, the USN has implemented

several programs in an attempt to reduce the 2 METHODS
overall mortality and morbidity associated with The analysis was restricted to helicopter data for
helicopter over water crashes. In 1981 the USN 1977-1990. For baseline comparison, we initially
initiated a multi-place helicopter water ditching determined the total number of over land and over
training program using the 9-D-5 Water Survival water helicopter Class A flight mishaps and their
Training Device, the so-called "helo-dunker" corresponding survival rates for the period in
(WSTD). The WSTD exposes aircrew to a serieq question (1977-1990). A Class A flight mishap is
of simulated helicopter water impact scenarios and defined as one in which a naval aircraft was
teaches the skills necessary for successful egress. destroyed or the cost was over one million dollars

of damage or there was loss of life or permanent
In 1987 the USN introduced the Helicopter total disability. Survival rates were computed
Emergency Egress Device System (HEEDS) fleet- both for Naval Aviation as a whole (Navy and
wide. This is an emergency breathing system that Marine Corps) and for the individual services.
gives the aircrewman up to three minutes of air

during the critical post-impact period. When one Over water helicopter crash data were then sepa-
considers the rapidity with which most helicopters rated into three time periods to note the introduc-
sink after water crashes, three minutes may make tion of training modalities to be examined. Data

all the difference. were examined for 1977 through 1981 (P1), prior
to introduction of the programs in question, for

Also, in 1987 the USN began retrofitting its 1982 through 1986 (P2), after full implementation
aviation fleet with the Helicopter Emergency of the 9-D-5 trainer and for 1987 through 1990
Egress Lighting System (HEELS). This system is (P3), after full implementation of the HEEDS pro-
actuated at the time of impact or shortly thereafter gram. No such evaluation was possible for
by contact with water. It is strategically placed to HEELS, since the program has yet to be imple-
indicate the route to and location of the main mented fleet-wide. Only the Navy's H-60's and
emergency exit. the Marine Corps H-46's have been completely
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refitted with HEELS. All other Navy and Ma. ie Table I summarizes the results of the study of all
Corps helicopter types remain in some stage of survivable over water Class A helicopter flight
HEELS retrofit. mishaps. Statistical tests of significance were

performed to test the hypothesis (Ho) that
The narrative of each over water mishap was survival probability was independent of time
examined to determine the problems, if any, against the hypothesis (-i 1) that survival
created by each of the above safety interventions, probability and time were d-pendent. Ho was
Specific data on HEEDS were available in the rejected in this analysis and results were defined to
Naval Safety Center Data Base. Data on be "statistically significant" if the descriptive
operational problems encountered with HEELS significance level, p, was less than 10. Tests were
were also available in the Data Base. For the 9-D- performed first for survivable over water crashes
5 trainer, reports were analyzed from the Water with time divided into 1977-1981 (P1), 1982-1986
Survival Training Model Manager located at the (P2), and 1987- 990 (P3). The tests were
Naval Schools Command (Ref 3). The data were performed on statistics stratified by aircrew and
then converted into incidence of problems per passengers, for Navy/Marine Corps combined, for
100,000 training evolutions. Finally, we applied Navy and Marine Corps separately, and for day
statistical tests to determine if survival veisus night.
probabilities changed significantly across the time
periods. We also compared United States The stratifications were essential because of
Navy/Marine Corps over water statistics ior differ- mission, aircraft, and policy differences between
ences in survival likelihoods, the services. The Marine Corps helicopter fleet

consists primarily of the H-1, H-3, H-46, and H-
3 RESULTS 53, while the Navy flies the H-i, H-2, H-3, H-46,
During 1977-1990 there were 268 helicopter Class H-53, H-57, H-58, and H-60. Throughout 1977-
A flight mishaps, 131 over land and 137 over 1990, the Navy has forbidden passengers on night
water. There were 721 occl pants in the over land helicopter operations. The Marine Corps' policy
mishaps. O2 these, 64% survived. The survivors was the same until 1982 when amphibious
included 67% of the 468 aircrew and 59%/o of the missions required transporting troops
253 passengers. The over water mishaps involved ("passengers") under the "cloak of darkness."
638 occupants. The survivors numbered 70%,
which consisted of 72% of the 499 aircrew and Referring to Table I, there were statistically
60% of the 139 passengers. significant relationships between survival

probability in Navy night as well as Marine Corps
The 137 over water crashes, which involved 138 day over water survivable crashes an'd time period.
occupied aircraft, included 115 survivable aircraft. Aircrew survival probabilities in Navy night
A survivable aircraft is one in which at least one crashes significantly increased from 791/o (P1 of 39)
person survived. There were 537 occupants in to 85% (52 of 61) to 94% (31 of 33) during P1, P2,
these survivable aircraft. Of these, 83% survived, and P3 respectively. However, both Marine Corps
The survivors included 86% of the 418 aircrew and aircrew and passenger day crash survival
71% of the 119 passengers. probabilities significantly dec-eased from P1 to P2.

There were no Marine Corps over water survivable
day crashes during P3. The Marine Corps aircrew

-i
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day survival probabilities during P1 and P2 were 71 of 116 for aircrew; 591/6-53 of 90, 55%-45 of 82,
92% (24 of 26) and 67% (6 of 9) respectively. The 630/6-51 of 81 for passengers). However, aircrew
Marine Corps passenger day survival probabilities survival probability significantly declined in over
during P1 and P2 were 100% (10 of 10) and 67% water crashes with a larger decrease occurring in
(12 of 18) respectively. P3 over P1 and P2 (76/o-.123 of 162, 780/o-155 of

198, 60lo83 of 139 for P1, P2, and P3 re-
Statistical tests were also performed on over water spectively). The passenger survival probabilities in
survivable crash data across the 1977-1990 period over water crashes decreased after P1, but the
where Ho: Survival probability was independent decreases were not statistically significant (770/o-20
of(a) day, night; (b) aircrew, passenger; (c) Navy, of 26, 500/o-34 of 68, 670/6.30 of 45 for Pl, P2, and
Marine Corps against H I: Survival probability P3 respectively). Finally, the probability of
and (a); (b); (c) are dependent. Specific statisti- aircrew surviving an over water crash (720/6-361 of
cally significant relationships were observed. Both 499) was significantly greater than surviving an
aircrew and passenger survival probabilities were over land crash (670/o-315 of 468). The difference
significantly higher in day crashes than in night for passengers (600/o-84 of 139 over water vs 59%/
crashes for the Navy/Marine Corps combined 149 of 253 over land) was not statistically signifi-
(90%-234 of 260 vs 800/o6 127 of 158 for aircrew: cant.
day vs night and 880/o-73 of 83 vs 3l%.o11 of 36 for
passengers: day vs night). The differences were The p values throughout the analysis must be
particularly large in the Marine Corps (86%-30 of interpreted in view of the dependency of the data
35 vs 52%- 13 of 25 for aircrew: day vs night and sets and the performance of multiple statistical
79%-22 of 28 vs 3 10/6- 11 of 35 for passenger: day vs tests.
night). Aircrew were also significantly more likely
than passengers to survive night crashes Review of narratives of all over water crashes in
Navy/Marine Corps combined (800/o6 127 of 158 vs which HEEDS was a factor in the egress phase of
310/6-11 of 36). the mishap indicated 25 "saves." A "save" was

defined as an individual who perceived that he or
Comparisons between Navy and Marine Corps she would not have survived without the use of
over water survivable Class A flight mishaps show HEEDS. This was determined by review of
that occupants of Navy aircraft were significantly survivor statements made to investigation boards.
more likely to survive than occupants of Marine
Corps aircraft regardless if day or night or aircrew Finally, there were problems reported during 9-D-
or passenger (891/6-369 of 414 occupants in Navy 5 training and with operational use of both
aircraft survived while 62%-76 of 123 occupants in HEEDS and HEELS. Since 1981, there has been
Marine Corps aircraft survived), one death reported related to 9-D-5 training. For

the one year (1991) for which fleetwide reports
Statistical analysis of all Navy/Marine Corps Class were required, there were no major injuries
A flight mishaps, survivable and non-survivable reported with 9-D-5 training; there were a total of
cor. bined, showed that the probability of survival 17 minor injuries. The incidence of minor injuries
in over land crashes did not change significantly was 28.3/100,000 evolutions. There were a total o
during PI, P2, and P3 for either aircrew or 60,000 training evolutions conducted in 1991
passengers (66%-/153 of 232, 760/6.91 of 120, 610/6- fleetwide. Minor trauma was the most common
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injury at 41.2% of all minor injuries--an incidence The improvement, though not statistically
of 11.7. Table II summarizes these data for the 9- significant, seen in percent survival of night
D-5 trainer, passengers from P2 to P3 may be attributed to

several factors. First, when the Marine Corps
There were only two HEELS incidents reported; initially began over water night-time personnel
both occurred in 1989. One was an "actuation helicopter movements in 1982, troops ("passen-
failure" in a H-3 and the other, a "difficulty in gers") routinely wore combat gear during over
locating" in a H-2. water flight. The bulk of this equipment rendered

emergency egress through hatches and windows al-
There were 19 aircrew who reported a total of 21 most impossible. Many Marine Corps units now
problems with HEEDS use during helicopter Class require this gear be stowed and donned just prior
A flight mishaps from 1987-1990. Of these, the to disembarkation.
most common were "Needed, not used" (4),
"Donning/Removal" problems (5), and "Needed, Second, the wearing of restraints while passengers
not available" (5). Table III lists HEEDS prob- were seated in flight was poorly enforced. If an
lems coded by the Naval Safety Center. over water inflight emergency did arise, it was

quite likely that a substantial number of
4 DISCUSSION passengers would impact the water while

unrestrained. It is almost impossible to keep a
Overall Survivability reference point or maintain orientation during
Although the data show that there was no unrestrained impact. Procedures now require the
significant increase in the probability of survival crew chief to brief passengers on strict compliance
for total Navy/Marine Corps aircrew in over water with all restraint regulations. Finally, since pas-
Class A survivable helicopter flight mishaps over sengers are not formally trained in water survival,
the periods examined, there was a significant they are usually unfamiliar with the methods for
increase in the probability of survival from P1 to safe egress from a sinking helicopter. The Marine
P2 to P3 for Navy aircrew in night over water Corps has recently instituted basic water survival
mishaps. This suggests the programs studied may training for ground forces prior to over water
have contributed to the increase in survival helicopter operations.
probability of this group.

The 9-D-5 Device
During P1, the number of night-time, passenger Did the introduction of the 9-D-5 increase the
carrying missions was almost non-existent. The probability of survival of over water survivable
situation changed in 1982 with the decision to use helicopter crashes? Considering only aircrew
night vision devices as a means of improving members, there was significant improvement in the
American night-fighting capabilities. Over the night Navy aircrew survival from PI to P2 to P3.
next few years, as the Marine Corps developed its This suggests the 9-D-5 training program has had
night assault and insertion doctrine, night a positive impact on the survival of this group.
passenger carrying missions increased Furthermore, narrative reports prepared by
dramatically. aircrew mishap survivors generally indicate that

water survival training was an important, positive
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factor in the immediate post-crash water Water aspiration was minimal in the few cases
environment, reported and did not lead to other, more serious

complications. Minor muscle strains were the
Water survival training involves much more than second most commonly reported injuries (Ref 3).
just the multi-place 9-D-5 trainer. The program Given the type of training and the level of physical
includes swimming, using several strokes in full intensity required, these kinds of injuries are not
flight-gear for certain distances, treading water for unexpected. The overall benefits of the training
a fixed period of time and "drown proofing" over a appear to outweigh the slight risk of injury.
considerable time. It also includes trainee identifi-
cation and utilization of all available survival gear, The HEEDS Program
as well as training with other devices. These Did the introduction of HEEDS improve survival?
include the parachute drag, water entrance via the The data suggest that HEEDS may have
"slide for life", the parachute disentanglement contributed to the significant improvement in
device and the rescue procedures demonstrator. survival probability seen from P1 to P2 to P3 in

Navy aircrew on night over water crashes. In
Admittedly, not all of this experience is directly addition, based on aircrew narrative reports, it is
related to helicopter egress. However, the trainee clear that the HEEDS device has facilitated water
receives considerable time in the water escape. Individuals consistently reported a
environment dealing with simulated survival calming effect with the use of HEEDS, replacing
activities. This experience serves to minimize the the post-impact panic frequently experienced with
novelty of the water egress, instilling confidence the initial inrush of water, cold shock, and
which may help reduce initial panic, disorientation. With HEEDS use, the aircrew has

additional time to help passengers safely egress.
Although the data indicate there was not an The Marine Corps is seriously considering training
overall improvement in survival for total ground troops in HEEDS use and supplying the
Navy/Marine Corps aircrew, it can not be con- device for over-water missions.
cluded that the device has not made a positive
contribution to overall survivability. The water Most of the problems encountered with HEEDS
survival program must, in the final analysis, be can be attributed to the device's procurement
considered as a whole. Generally, it appears this history. Acquired as an add-on to the already
type of training has saved lives, existing survival vest, the long, bulky oxygen

canister replaced an unrelated piece of equipment
Since its introduction, there has been one 9-D-5 in the vest left, front pocket. To hold it in place, it
associated fatality, a drowning victim at was attached by a lanyard. There have been
Pensacola. Overall, there have been only minor reported problems with both removal and the
problems incurred during 9-D-5 device training. initial donning. On occasion, the device was lost
The data are somewhat limited, since central because the lanyard was not secured, or was
reporting was not required prior to fiscal year 1991 absent altogether. There are several reports of
(FY 91). See Table II. Reports for that year show minor injuries from contact with the device. There
only minor injuries, the majority of which were will soon be available a more compact version,
blunt trauma sustained by contact with the device ultimately replacing the present system. However,
or with other trainees in the process of egress. availability problems due to aircrew failure to
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properly pre-flight personal gear or paraloft error, part of the required training for Marine Corps per-
such as failure to attach the restraining lanyard, sonnel involved in regular over water evolutions.
will continue. In an attempt to minimize these
types of human errors, the U. S. Coast Guard re- Because aircrew with HEEDS have more time to
cently redesigned the device. In their version, the help passengers escape, the HEEDS may have
cylinder is an integral part of the survival vest with been partially responsible for the apparent increase
long, flexible tubing and a mouth-piece attached. in percent survival for Navy/Marine Corps night
Only the mouth-piece need be located, retrieved passenger survival seen from P2 to P3. Most of
and brought to the mouth for use. the problems reported with using this device seem

easily correctable and training in HEEDS use
Parenthetically, the institution of HEELS may should be extended to special categories of passen-
also have contributed to the improvement seen in gers that are at very high risk, e. g. Marine Corps
passenger survival. However, there are insufficient ground troops transported by helicopters during
data on the actual use of HEELS in class A flight amphibious operations.
mishaps over water to make any definite state-
ments. There are insufficient HEELS data, but interviews

with survivors continue to emphasize the visual
5 CONCLUSIONS difficulties encoantered during water egress,
Although there has been no significant increase in especially at night. It seems most likely emergency
combined Navy/Marine Corps over water lighting will help.
survivable Class A helicopter flight mishap
survivability during the period examined, data ACKNOWLEDGEMENTS
show that there was a statistically significant The opinions and interpretations expressed are
increase in probability of survival for PI to P2 to those of the authors and should not be construed
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Table I - Survival Data by Study Group*

Navy Aircrew, Day 65/72 (90%) 93/100, (93%) j4653 187%116

Navy Aircrew Night 3Was (9) 26 (85%) 31/33 (94%)

Marine Aircrew Day 24/26 (92%) 619 (67%) 010 -

Marine Aircrew, Night - _ 3/3 10% 4/1 361/1_(55%)

NavyjMarlne Aircrew, Day 89/98 (91%) 99/109 (91%) 44153 (87%)

Navy/Marine Aircrew Night I3W/42 (8 i) V.W2+M%) 3W/4 (84%)

Navy Passenger Day 10/10 (100%) 19120 (96%) 22/25 (88%)

Navy Passnger Night 0/ 0) 010 -

Marine Passenger Day 10/10 (100%) 12/18 (67%) 0/0

Marine Passenger Night - 3/1 (19%) 9/819 (42%)

Navy/Marine Passenger Day 20/20 (100%) 31138 (82%) 2Z/25 (88%)

NmvyjMarine Passenger Night 0/1 (0%) 3116 (19%) 8/19 (142%)

Includes only over water survivable Class A Flight Mishaps.

Table 11 - 9.'Dn61talf (CY 1991)* Table III - HEEDS
Rnftepe PROBLEM No. %

PROBLEM No. % '"c%=
evoItdiUI Needed, not used 4 19.0

Minor Trauma 7 41.2 11.7 Regulator broken, so 1 4.8
didn't have

Water Aspiration 5 29.4 8.3
Donning/Removed 5 23.8

Muscle "Strain" 2 11.8 3.3 Improper -procedures -in 2 9.

Headache 1 5.9 1.7 use-

*Dislodged from vest, 1 4.8
Ear Problem 1 8.9 1.7 used

Caused minor injury 2 9.5
Laceration 1 5.9 1.7

Needed, not available 5 23.8
TOAL17 10 2. Dislodged from vest, lost 1 4.8

1500students trainedl X 4. run TOTALuio 21 100
-60,000 evokdIene NavylidwkneCorps wide. __________________
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CRASH EXPERIENCE OF THE U.S. ARMY
BLACK HAWK HELICOPTER

by

LTC Dennis F. Shanahan, M.D., M.P.H.
U.S. Army Aeromedical Research Laboratory

Biodynamics Research Division
Fort Rucker, AL 36362-5292, United States

SUMMARY
The U.S. Army UH-60A, Black Hawk, helicopter is the first (CWFS) into U.S. Army helicopters, approximately 40 percent
helicopter designed and built to modem crashworthiness of fatalities in survivable crashes were due to thermal injury
standards. During the design of the Black Hawk, all common [8]. Since the introduction of CWFS, there has only been one
injury mechanisms were considered, and significant attempts documented death due to thermal injuries in a survivable crash
were made to eliminate foreseeable injury hazards. Most of a CWFS equipped Army helicopter. Clearly, this single
important, the aircraft was designed to withstand an 11.6 rn's improvement has made a substantial difference in morbidity
(38 ft/s) vertical impact without acceleration injury to the and mortality in crashes of Army helicopters. Nevertheless,
occupants or collapse of structure or high mass items into the beneficial effects of a CWFS would be severely mitigated
occupied space. Crew and passengers were provided energy if occupants were fatally injured by collapsing structure or by
attenuating seats and state-of-the-art restraint systems. Head failure of seats or restraint systems in potentially survivable
strike zones were considered and potentially injurious objects crashes.
excluded from these zones. Additionally, the helicopter was
equipped with an advanced crash resistant fuel system. Understanding the interrelationship of the five basic crashwor-

thiness factors is vital to aircraft system design since weight
First fielded in 1979, the Black Hawk now has accumulated and economic factors frequently limit the degrec of crash
over 1.1 million hours of flight time. Over the 11-year period survivability that developers are willing to incorporate into an
from 1 October 1979 to 30 September 1990, there have been aircraft [9,10,181. Certainly, crash survivability is not the
75 class A and B mishaps of the UH-60 resulting in 84 most important consideration in the design of an aircraft, and
fatalities and 121 personnel injured. Systematic analysis of weight and cost do limit the degree of crashworthiness that
these crashes has accumulated adequate data to assess the can be practically incorporated into a design. Nevertheless,
effectiveness of the crashworthiness features of the Black when tradeoffs are made, it is imperative that developers
Hawk. The Black Hawk has proven itself to be highly crash understand the consequences of proposed compromises and
survivable even in impacts up to 18.3 nits (60 ft/s) vertical ensure that all pertinent factors are weighed (cost, weight,
velocity. Most notable have beci its structural integrity, tie- performance, and safety) in these decisions.
down strength of seats and restraint systems, effectiveness of
energy absorbing seats and landing gear, effectiveness of the The UH-60 Black Hawk was the first helicopter designed with
crash resistant fuel system, and retention of high mass items. crashworthiness as one the primary design objectives. It was
Mitigating against this has been a higher than predicted introduced into the U.S Army fleet in 1979 and has been
accident rate, a markedly increased vertical velocity at impact extremely successful both in terms of operational capability
compared to most other helicopters in use by the U.S. Army, and crashworthiness in training and in hostile environments
and a tendency for the roof to collapse in high vertical [16,171. The success of this helicopter has proven that safety
velocity crashes. and performance are, in fact, compatible design objectives.

Although crashworthiness has a significant cost in terms of
INTRODUCTION weight and dollars, these costs are counterbalanced by a
In the design of a crashworthy vehicle, the primary objective reduced injury rate and an increased threshold for damage to
is to control energy dissipation during a crash in such a the aircraft. Over the life-cycle of the aircraft, these savings
manner as to prevent injury to occupants, irreparable damage can be substantial [9,181.
to the vehicle, or a combination of both. From the perspective
of injury prevention, there are five basic considerations: (1) This paper reviews the crash history of the Black Hawk,
Maintain a protective shell around all occupants throughout concentrating on the effectiveness of the various crashwor-
the crash sequence, (2) adequately restrain occupants so as to thiness features incorporated into the design. Since the Black
prevent injurious contacts with internal or intruding external Hawk is the first helicopter designed to crashworthiness
objects, (3) limit the acceleration forces experienced by standards, it is useful to assess its performance to ascertain the
occupants to noninjurious levels, (4) provide an internal adequacy of its various crashworthiness features in the opera-
environment free of potentially injurious objects within the tional environment. Such an assessment can lead to improved
"strike zone" of occupants, and (5) control hazards that may standards for future aircraft, recommendations for a retrofit
prevent escape from the vehicle after the crash. The primary program to enhance the crash performance of ftelded aircraft,
considerations in facilitating escape are to provide adequate and recommendations for additional research to advance
numbers of exits, to ensum that those exits will function after knowledge in crash protection.
a survivable crash, and to prevent postcrash fire.S~BLACK HAWK DESIGN

Experience from aircraft crashes has shown that not all these The concept of building a crashworthy helicopter for the U.S.
considerations are of equal importance for personal survival Army was borne out of experience gained in combat in
[2,10,11,13,17,181. However, all the factors are interrelated Southeast Asia (151. The helicopter had established itself in
and consideration must be given each to optimize crash Army combat doctrine and many senior Army leaders had
survivability. For example, in helicopter crashes, the most observed that lives were being lost in crashes when the
critical consideration in preventing serious injury is to technology existed to prevent many of these injuries. As a
eliminate post-crash fires. This contention is supported by the result, the Eustis Directorate of the U.S. Army Air Mobility
fact that prior to the introdtction of crashworthy fuel systems Research and Development Laboratory commissioned the



Aviation Crash Injury Research Group of the Flight Safety 3. Energy attenuating landing gear and seating
Foundation to define the Army crash environment and develop systems to maintain loads within survivable limits for

concepts and design criteria to improve crash survivability, impacts with vertical velocities up to 11.6 m/s (38 ft/s).
The culmination of this effort was The Crash Survival Design
Guide" (CSDG), now in its fourth edition, which has subse- 4. Provision of a noninj-uious interior from upper
quently served as the basis of all Army cramhworthiness body and extremity flailing.
standards [71.

5. Provision of a crashworthy fuel system with self-
The Black Hawk is a twin-engine utility helicopter designed sealing fuel cells and frangible, self-sealing fuel and vent
primarily for transporting troops and supplies. It has a single lines.
four-bladed, fully-articulated main rotor system and a canted
tail rotor. It utilizes two main landing gears and a single tail 6. Provision of adequate emergency escape capability.
gear. Initially, it was designed to carry a crew of 3 with seats
for II troops. More recently, it has been utilized to carry up For details of these design features, the reader is referred to a
to 22 troops without seating. paper by Carnell [3]. Table I summarizes selected design

criteria for the Black Hawk that ar pertinent to its crash
From the outset, the CSDG was used as a design guide for the survivability. It is important to understand that these criteria
development of the helicopter that was later designated the were adapted from the CSDG (TR 71-22) and were based on
UH-60A Black Hawk. The primary crashworthiness design a study of selected U.S. Army light fixed-wing and helicopter
features included the following [3]: crashes occurring in the early to mid-1960s. The overriding

philosophy used to select these values was to prevent serious
injury in crashes up to the 95th percentile potentially surviv-

1. Maintenance of the protective shell through a cabin able crash. This is certainly a reasonable approach to estab-
superstructure designed to retain the engines and trans- lishing crashworthiness design criteria, but to be successful, it
mission under high load factors. Also, keel beams and is dependent on one major assumption--that the crash kinemat-
a rounded nose were designed to prevent sudden longitu- ics of past aircraft designs accurately predict the crash
dinal decelerations from plowing, kinematics of future aircraft designs. In the absence of any

other predictive criteria, this is the only reasonable approach.
2. Seating and restraint systems designed to be How effective these criteria and concepts have been in the
retained under severe but survivable loads. Black Hawk crash environment will be discussed.

Table I. UH-60A Key design requirements.

Structural integrity

General: TR 71-22 as a guide

MR blade strike: 8-in diameter object at outer 32% span without hazardous rotor or transmission
displacement.

Longitudinal 20 fps into barrier with livable cockpit volume, 40 fps into barrier with 85% cabin length
impact: retained, and 60 kt and 150 nose down with 85% volume retained.

Vertical impact: 38 fps with 85% cabin volume retained.

Lateral impact: 30 fps with 85% cabin volume retained.

Roll over: 4 G longitudinal, 4 G vertical, and 2 G lateral.

Mass item 20 G longitudinal, 20 G vertical, and 18 G lateral.
retention:

Energy absorption
Landing gear: 15 fps with gear damage only, 30 fps, 100 pitch and roll with gear and airframe damage.

Crew seats: 12-in vertical stroke, per MIL-S-58095.

Troop seats: 11 -in vertical stroke, retained for 18 G longitudinal and 24 G lateral.

Postcrash
Fuel tanks: Crashworthy per MIL-T-27422 with frangible attachments.

Fuel lines: Self-sealing, tear resistant with breakaway valves and fittings.

Emergency egress: Within 5 seconds through doors, within 30 seconds through windows with aircraft on side.
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BLACK HAWK CRASH STATISTICS to difficulties in implementing new training and maintenance
Since the Black Hawk was fielded in 1979 through September procedures as the system was fielded. The marked increase
1990 there have been 75 class A and B mishaps'. Of these, in crashes in 1991 was due to the massive deployment to
48 involved a ground or water impact and had sufficient data Southwest Asia during Operation Desert Shield/Storm.
available to be considered in this review. Nonground impact
mishaps included various in-flight emergencies that severely INJURY STATISTICS
damaged the aircraft but did not result in a crash, repelling Table III shows that the risk for a major or fatal injury based
accidents and ground mishaps such as fueling fires and upon person-hours of exposure remains considerably higher
collisions with other aircraft. There were a total of 271 for the Black Hawk than for the UH-1 as has been previously
individuals involved in ground impact mishaps, of which 84 reported [17]. An individual with a major injury is one who
suffered fatal injuries, 93 disabling injuries, and 28 nondis- suffered permanent total disability or permanent partial
abling injuries. The U.S. Army defines a disabling injury as disability. The relative risk for fatal injury as well as for fata
any nonfatal injury or combination of injuries that results in and major injury combined is 3.8 times greater for the Black
lost workdays for the individual. A nondisabling injury is any Hawk. This is due to the comparatively high crash rate for
injury or combination of injuries that does not result in a lost the Black Hawk as well as to the increased severity of UH-60
workday. Table 11 provides comparison figures for UH-l crashes.
ground impact accidents over the same I I-year period.

Although one's overall risk of injury is greater in the UH-60,
this type analysis is somewhat irrelevant in ascertaining the

Table I1. Comparison of selected parameters in UH-60 efficacy of crashworthiness design standards. To compare
and UH-1 ground impact mishaps. levels of crashworthiness, one should ask, "For a given impact

velocity change, which airframe provides a higher level of
Parameter UH-60 j UH-1 occupant protection?" When viewed from this perspective, it

becomes evident that the UH-60 provides a substantial
Number of Class A 40 142 increase in crash protection over conventionally designed
mishaps: Class B 8 30 helicopters, of which the UH-! is an example.

Total 48 172 The most important factor relating to the crash performance of
the Black Hawk is its propensity to crash at extremely high

Mishap type: Survivable 32 148

Nonsurvivable 16 24 1
0 UH-t

Total 48 172 12

Occupant Fatal 84 116 C3 UH-60
S° s b !" ........... ....... .......... 9.. ...... ......... 2 4........ c iInjury:

Disabling 93 294

Nondisabling 28 102 En -
0.
cd6None 66 263i .~ ... ....... .. ..... .. ......... .......... .8 .. ........ ..2 .3..........F . -

Missing 0 1

Total 271 776 I2
16_

Mean velocity Vertical 44.2 17.7 o
at impact: 680 81 82 83 84 85 86 87 88 89 90 91atI t Longitudinal 46.4 31.6 Fiscal Year

Figure 1. UH-60 and UH-1 class A and B mishap rates

Figure 1 shows combined class A and B mishap rates for the per 100,000 hours flight time for FY 80 - 91.

two helicopters over the same period. Figure 2 shows a
similar comparison for ground impact mishaps only. Note the -a 7

comparatively high mishap rate for the UH-60 during its early =r 6 UH 1
years in service and how this rate has shown a progressive 0 61 UH 60
decline since 1985. Over the same period, the UH-I rate also 0 5
has decreased, but at a significantly lower rate. This initially o
high rate followed by a progressive decline is .)pical of newly • 4
fielded systems, particularly when the new system represents C.
a significant increase in complexity over the system it ca 3
replaces. A large proportion of the early mishap rate can be T'
attributed to the "learning curve" associated with developing • 2

new doctrine to exploit the full capabilities of the system and

'The U.S. Army defines aclassA mishap as amishapfor 80 81 82 83 84 85 86 87 88 89 90 91

which the resulting total cost of property damage, occupational Fiscal Year
illness, or injury is $I million or greater, or in which an injury
results in a fatality or permanent total disability. A class B Figure 2. UH-60 and UH-1 class A and B ground im-
mishap is one for which the total cost is greater than $500,000 pact mishap rates per 100,000 hours flight

but less than $I million, time for FY 80 - 91.

.1I
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Table IlI. Comparison of fatal and fatal/major injury rates for different crash severities determined by vertical
rates for the UH-1 and UH-60. velocity at impact. Figure 4 is a cumulative frequency plot

depicting the total probability of sustaining a fatal injury over
Parameter UH-1 UH-60 1.5 m/s (5 ft/s) vertical impact velocity increments for the

Total flight hours 8,411.301 1267,648 UFI-1 and UH-60. Probability of death was determined by
counting all deaths that occurred in each increment and di-

Number of occupants 776 282 viding by total occupants exposed to crashes with vertical
Injuries: velocities within the increment. Interestingly, both helicopters

Fatal 117 84 clearly demonstrate a threshold velocity at which 100 percent
Falor 117 1of occupants receive fatal injuries. This occurs at approxi-
Major 20 13 mately 12.5-13.7 m/s (41-45 ft/s) for the UH-lI and 18.6-21.3

Fatal injuries nVs (61-70 ft/s) for the UH-60. The threshold for the UH-I
Rate (per 100,00 flight hours) .31 1.18 can be more accurately determined due to the greater number
Relative nsk 1.00 3.80 of UH-1 accidents. This depiction vividly illustrates the

difference in crashworthiness levels between the two helicop-
Fatal and major injuries ters. The LIH-00 is able to provide survivability at impact

Rate (per 100,00 flight hours) .36 1.37 energies over two times that of a conventionally designed
Relative risk 1 1.00 3.80 helicopter. When other levels of injury are compared, the

exceptional crashworthiness of the Black Hawk is similarly
demonstrated.

velocities in comparison to the UH-I (Table II). This is
particularly pronounced for vertical velocities where the mean 1.1
velocity at impact for the UH-60 is two and a half times that 10

of the UH-I. Since injury in helicopter crashes is highly 09 -e- UH-1
correlated with vertical velocity change 116,171 and since Z08 UH-60

on c 0.7
crashworthiness design standards for the UH-60 were based on 0 .6
the assumption that it would have essentially the same crash 6
kinematics as earlier generation helicopters, the overall injury Z 0.
rate in Black Hawk crashes appears disappointingly high. If, M 03
however, velocity at impact is considered, it is readily 0.2
apparent that the crashworthiness features incorporated into 0.1 .

the Black Hawk are extremely effective. 0.c
0 10 20 30 40 50 60 70

Figure 3 is a plot of vertical velocity at impact versus cumula- Vertical Velocity (ft/s)
tive percent occurrence of survivable class A and B mishaps Figure 4. Cumulative frequency plot depicting the in-
for the UH-60 and UH-l. This graph clearly demonstrates the creasing probability of sustaining a fatal injury
greater tolerance of the UH-60 to high vertical velocity as vertical impact velocity increases for both
impacts. Note that over 50 percent of survivable UH-I the UH-60 and UH-1.
crashes occur at vertical velocities of less than 3.0 m/s (10
ft/s), whereas only 15 percent of UH-60 crashes occur at less Table IV summarizes an analysis performed to determine
than 3.0 m/s (10 ft/s). Additionally, the 95th percentile whether there are significant differences in the distribution of
survivable vertical velocity for the UH-60 is 15.2 m/s (50 ft/s) major and fatal injuries between the Black Hawk and UH-I in
versus 10.7 m/s (35 ft/s) for the UH-1. In other words, survivable crashes. This was done to assess whether the
crashes of the Black Hawk are classified as survivable up to crashworthiness features incorporated into the UH-60 altered
vertical velocities of 15.2 m/s (50 ft/s) compared to 10.7 m/s
(35 ft/s) for the UH-I. The increase in kinetic energy for
impacts of 10.7 m/s (35 ft/s) versus 15.2 tn/s (50 ft/s) is over Table IV. Percent of occupants in survivable ground
100 percent. impact mishaps receiving one or more major

or fatal injuries to specified body region.

Since survivability of a crash is determined independently of AN occupants Cockpt crew
injuries sustained in the crash, it is iseful to compare injury

Body region UH-1 0UH-60 011 U-60

.. General 0.3 1.5 07 4.7

Head 6.3 152" 8.5 17.2

a. Neck (soft tissue) 1.7 0 2.0 0*

lil 60- C*Spine 0.8 2.0 1.0 1.6

Chest 4.0 142" 3.4 14.1

E 2 Vertebral 5.4 6.6 8.1 15.6

| ... .. Abdomen 1.9 5.1 3.1 7.8

Vertical Velocity (ft/s) Arm 3.6 7.6 4.1 4.7

Figure 3. Plot of vertical velocity at major impact versus Leg 4.9 122 5.4 9.4
percentile occurrence for all ground impact Signifiant diffrnce at p-0.05 confidence level
crashes of the UH-1 and UH-60. •_igicat _ifernc _a __0.5_onidncle



the distribution of injuries. For instance, it would be reason- is designed to prevent a sudden and overwhelming fire, thus
able to speculate that the energy attenuating seats and landing allowing survivors sufficient time to escape before occupied
gear should reduce the relative rate of spinal injury in the UH- areas are engulfed in flames.
60 compared to the UH-l. For this analysis, each occupant
was assessed for major and fatal injuries and the location of
his injuries. If he received one or more major or fatal injuries
to a particular body region, he was assessed as having a single
significant injury to that region, irrespective of the number of
injuries in that regior he actually sustained. There were
significant differences in the distribution for head, neck and
chest injuries between the two helicopters. Surprisingly, the
rate of head and chest injuries was higher in the UH-60, and
there was no reduction in spinal injury. The increased head
injury rate in the UH-60 is probably related to the tendency
for roof collapse in high vertical velocity crashes. The failure
to see a reduction in spinal injury in the Black Hawk is
probably because of the frequency of impacts that exceeded its
design limits. The markedly increased chest injury rate has
not been explained and will require more detailed study.

Figure 5. Crash of a MEDEVAC equipped UH-60 occur-
In summary, the crashworthiness design of the UH-60 has ring at 15.8 m/s (52 ft/s) vertical velocity and
clearly proven its capability of preventing injury and death for 3.7 mrs (12 ft/s) longitudinal velocity. Roof
impacts greatly exceeding its design limits. Unfortunately, completely sheared off and is lying beside
this tremendous success has been somewhat overshadowed by fuselage. Note the stretcher to the left of the
its high mishap rate and its propensity to crash at velocities photograph and an exposed, but fully intact
well beyond its design capability. In recent years, there has fuel cell in the foreground.
been a trend toward a lower mishap rate and also toward
lower velocity impacts. If this continues, the overall injury
rate for the Black Hawk should show some improvement in
the next few years. Nevertheless, the crash history of the
Black Hawk teaches an important lesson for the community
engaged in crashworthiness design and aircraft development.
To achieve an appropriate level of crashworthiness for a given
system, it is essential to be able to accurately predict the crash
environment of that aircraft while it is still under design.
Overestimation leads to excessive costs and weight and
underestimation leads to higher than anticipated injury rates.
A major emphasis of future crashworthiness research should
be to focus on this problem and to develop kinematic models
that can predict crash velocities based on defined aerodynamic
design parameters.

CRASHWORTHINESS PERFORMANCE Figure 6. Black Hawk crashed with vertical velocity of
Irrespective of statistical analyses of injury in the Black Hawk, 18.3 m/s (60 ff1s) and longitudinal velocity of
it is useful to take a more qualitative approach to examine 4.6 m/s (15 ft/s). Note almost complete roof
how the various crashworthiness features incorporated in the collapse. Three of four occupants survived.
Black Hawk have performed under crash conditions. The
following is a perspective of these features based upon Structure
personal experience in investigating over 25 Black Hawk Basic structural crashworthiness of the Black Hawk has
crashes over the past I I years combined with a record review proven itself by exceeding its design limits in numerous
of the remainder of the crashes, crashes [15,16,171. High mass item retention has been

remarkable. Of particular note, there has never been an
Fuel System intrusion of the rotor system into occupied spaces. Likewise,
There has not been a single fatality due to thermal injury in in survivable crashes, neither the engines nor the transmission
crashes of the Black Hawk. The system has performed have ever dislodged and intruded into occupiable spaces.
exceedingly well under crash conditions well in excess of
structural design limits including several crashes with vertical One persistent problem has been identified. The roof of the
velocities exceeding 18.3 m/s (60 ft/s). In several cases, the Black Hawk begins to collapse in crashes where the vertical
fuselage has ruptued allowing the fuel cells to separate from velocity at impact exceeds 12.2 u/s (40 fi/s). In impacts
the aircraft without significant spillage (Figure 5). In one exceeding approximately 13.7 m/s (45 fWs), the roof complete-
case, a Black Hawk impacted the ground with a vertical ly separates aft of the pilot stations and collapses into the
velocity of 12.2 m/s (40 ft/s) and a longitudinal velocity of cabin creating a hazard for pilots as well as passengers (Figure
23.8 m/s (78 fts). The helicopter broke apart and a slowly 6). Although roof collapse occurs at velocities beyond design
spreading fire ensued from a leaking fuel line. In spite of the limits, it constitutes the most serious injury hazard for occu-
fite, rescuers were able to extract all six occupants without pants in crashes with vertical impact velocities between 13.7
any occupants receiving thermal injuries. Considering the m/s (45 ft/s) and 18.3 nm/s (60 ft/). If roof collapse could be
structural damage to the aircraft, this could not be considered prevented, upright crashes of the Black Hawk would be
a failure of the CWFS. Under these circumstances the CWFS survivable up to approximately 16.8 m/s (55 ft/s).

J



The mechanism of roof collapse appears to be related to the energy management scheme for near vertical impacts of the
attachment of the upper portion of the main landing gear strut Black Hawk. They provide approximately 23 inches of stroke
to the outer longitudinal beams in the roof (Figure 7). It at a 9G average acceleration before fuselage-ground impact
appears that forces are concentrated at this attachment point 131. The capability of the gear undoubtedly plays a major role
causing the beams to fracture after the energy attenuating gear in the excellent crash survivability of upright crashes of the
has fully stroked and fuselage-ground contact has occurred. UH-60 at extremely high sink rates.
A similar problem has been noted in the AH-k4 Apache attack
helicopter at the attachment point of the main gear to the
longitudinal floor beams. These observations suggest that Crew Seats
consideration should be given to using frangible fittings at The Black Hawk has been equipped with two different types

these attachment points or using other means of attaching of energy attenuating, armored crew seats. The original seat
energy attenuating landing gear to main structure in future was a uniaxial stroking seat equipped with two inverted tube
aircraft designs. energy attenuators [3,4]. The seat was designed to provide a

minimum of 12 inches stroke at a load limit of 14.5 G. An
additional 5 inches of stroke could be obtained depending on
the vertical adjustment of the seat. To achieve this stroke
distance, a well was provided beneath the seat into which the
seat could stroke (Figure 8). The tie-down strength of the seat
was provided in accordance with MIL-S-58095 (5). The
restraint system was a 5-point configuration with a rotary
release mechanism.

Figure 7. Photograph shows how upper mounting of
main gear strut has separated main roof
longitudinal beam allowing roof to collapse.
Crash occurred at an estimated vertical veloc- .
ity of 10.7 m/s (35 ftls).

Figure 8. Closeup photograph of a crew seat involved
in the crash shown in Figure 5. Note how

As a point of interest, it should be noted the stretcher carousel seat stroked into the well and the top of the
mounted in the cabin of UH-60s equipped for medical evacua- seat is below floor level.
tion acts as a major support to the roof and prevents collapse
into the cabin. In the only severe crash of a MEDEVAC
UH-60 (Figure 5), the roof completely sheared off of the This seat has provided superior performance in Black Hawk
fuselage and came to rest beside the main wreckage. The crashes up to 18.3 m/s (60 ft/s) vertical impact velocity. The
carousel prevented the roof from collapsing into occupied seat has been consistently retained in place in all potentially
spaces and both rear seated occupants survived with only survivable crashes. In the crash shown in Figure 9, seat
minor injuries although the vertical velocity at impact was retention and its energy attenuating capability were determined
approximately 15.2 m/s (50 ft/s) and the longitudinal velocity to be the primary contributors to the survival of both pilots
was 6. !ns (20 RAY when .most of the surrounding structure had disappeared.

Several similar UH-60 crashes have proven the importance of

MAIN LANDING GEAR providing seat retention capability in excess of estimated

The concept of a rugged, fixed, energy attenuating landing human tolerance limits.

gear has proven itself in crashes and hard landings in the UH-
60. As Figure 3 illustrates, less than 30 percent of Black An additional, although serendipitous, feature of the original

Hawk crashes occur at impact vertical velocities of less than crew seat is illustrated in Figure 10. Note that the seat was

6.1 ni/s (20 ft/s). A close inspection of those that do, reveals designed to stroke downward along its two parallel support

that they all occurred with significant pitch or roll or high tubes. The support tubes are linked to the energy attenuators
rates of yaw beyond the design limits of the main gear. The at the top, forming a structure that acts as a roll-bar above the

gear is capable of preventing damage to the helicopter for head of its occupant after the seat strokes. In five crashes of

landings up to 6.1-7.6 m/s (20-25 ft/s) provided the impact the Black Hawk where the roof completely collapsed, this

occurs on a hard surface with minimal pitch or roll. It is structure was responsible for preventing major head injuries to

impossible to estimate the number of crashes that have been the occupants of the seats.

prevented by the gear, but anecdotal information from
instructor pilots suggests that hard landings are not an Approximately 250 aircraft were equipped with this seat
uncommn occurrence in the training environment, before it was replaced with the current seat in a cost-saving

move. The current seat is equipped with six TOR SHOKTh
In addition, the main gear plays a significant role in the total attenuators that permit the seat to stroke along three axes



"With recent advances in energy attenuating seat technology,
several U.S. Army agencies are advocating changing applica-

S5 • ble specifications to provide for a new generation seat
3 restricted to a uniaxial stroke and equipped with variable load
W • energy attenuators [If1. It also could be tailored to provide

for special requirements such as overhead protection or even
be equipped with airbags.

Local Environment
Considerable attention was devoted to eliminating potentially
hazardous objects from the strike zone of occupants in the
Black Hawk. In general, there has been little problem with
occupants receiving injuries from striking internal objects.
However, there have been a few problem areas. As Figure 12

Figure 9. Closeup photograph of crash shown in Figure illustrates, the cyclic and collective controls remain a serious
6. Note full retention of crew seats although potential hazard particularly in the presence of a stroking seat.
littie cockpit structure remains. To date there have been no severe injuries attributed to cyclic

strikes. However, one pilot lost several anterior teeth in one
crash and at least five pilots have received contusions to the

sternum (Figures 13 and 14). Althou gh the sternal injuries
have been minor, this injury is potentially life threatening if
the strike is severe enough to cause cardiac contusion. The
Army is considering designs for a frangible cyclic to help
reduce this hazard, but it is doubtful such a device will be
fielded.

Figure 10. Pilot seat from crash described in Figure 5.
The roof collapsed onto the seat but was
supported by the seat frame. The stroking of
the seat positioned the pilot's head well below
the collapsed roof.

(Figure 1i). Studies have shown that the seat has a somewhat
stiffer response in the vertical axis and early indications are
that it may have a slightly higher spinal injury rate for similar
severity crashes [12,151. Its multiaxis stroking capability also
tends to prevent it from stroking into the well except in pure
vertical loading crashes. In addition, its design does not
provide for overhead protection from a collapsing roof. In
spite of these potential deficiencies, this seat has performed
well in the Black Hawk crash environment.

Figure 12. Soldier posing in a crew seat that had stroked
approximately 14 inches. Notice the proximity
of the cyclic and collective controls.

Another recurring problem has been serious injuries arising
from blunt impact against seat armor. Injuries have included
severe head injuries, rib fractures and contusions, and closed
and open arm fractures. This is a difficult problem to solve
since the risk from projectiles is far greater in combat than the
"risk of blunt injury from contact with armor in a crash. In
future designs padding could be considered but, due to techni-

Figure 1I1. Current Black Hawk crew seat viewed from cal considerations, is probably not likely to provide a solution.
the roar. Note the absence of a frame cape- A morm promising approach is to equip Army helicopters with
ble of supporting a collapsing roof. inflatable airbag systems [1].

'I
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provided with a four-point restraint system consisting of lap
belts and dual shoulder harnesses without inertia reels. To
provide mobility, the two gunners wear a harness attached to
the side-facing gunner's seats by three straps connected to
inertia reels.

Black Hawk troop seats have been plagued by multiple
problems in the crash environment which have been docu-
merited in a separate report to the program manager (141.
There have been failures of suspension and tie-down ;,)mpo-
nents, frame components, fabric and restraint system anchor

Am I points (Figure 15). Many of these problems have been
corrected, but the fact remains that the energy attenuators have
never performed as designed. None have stroked greater than
I or 2 inches in a crash. This :s partly because the attenuators
are too stiff, and partly because the roof tends to collapse
before they are able to stroke.

Figure 13. Cyclic control removed from crash with verti-
cal velocity of 12.2 m/s (40 ft/s) and longitu-
dinal velocity of 23.8 m/s (78 ft/s). Note linear
gouges caused by pilot's teeth.

, Figure 15. Photograph shows the cabin of a Black Hawk
that experienced roof collapse during an
upright crasu. The roof can be seen at the
top of the photograph and the floor at the
bottom. Note the minimal space remaining
between the roof and floor. The troop seats
are completely collapsed.

In spite of these problems, the troop seats have been remark-
ably effective in preventing injuries. This has been so because
they are suspended from the roof. The collapsing roof tends
to act as a massive energy attenuator reduciing inertial loads
experienced by occupants of the troop seats. Additionally,
since the seats collapse with the roof, the occupants are not
struck by the roof until they have come to rest on the floor.
This accounts for the high cabin si'rvivability rates in spite of

F:gure 14. Photograph of sternal abrasion caused by what appears to be total roof collapse (Figure 6).
contact with a cyclic.

If a decision is made to "fix" the troop seats, it is vitally
important that the designers understand these interactions. For

Troop Seats example, if a decision were made to install floor mounted
in the standard configuration, the Black Hawk is equipped seats without addressing the roof collapse problem, survivabil-
with 12 troop seats. Each seat consists of an aluminum frame ity rates would probably decrease because the seats would not
with fabric seat and back. The seats are roof and floor collapse with the roof. Likewise, if the roof was strengthened,
mounted and are designed to react to loads in both the vertical the energy attenuators would have to be redesigned and
and longitudinal directions. Up to 11 inches of vertical various other components would have to be strengthened to
stoking is provided by roof mounted wire be-ling energy withstand the increased inertial loads.
attenuators. These attenuators bend prefortned . ire through
an array of fixed rollers. Longitudinal forces are reacted CONCLUSIONS
through two additional wire bending attenuators mounted in This report is not intended to be critical of the Black Hawk,
diagonal struts positioned under the seat frame. Each seat is its manufacturer, or its designers. There is no question that



40-9

the Black Hawk is one of the most crashworthy helicopters in 6. Department of Defense, "Light fixed- and rotary-wing

the world. It provides unparalleled crash survivability at crashworthiness, Washington, DC: Department of

impact velocities well beyond its design limits. This does not Defense, MIL-STD-1290(Av), 1974.

mean that its crashworthiness cannot be improved. Crash-

worthiness design is, by its nature, a trial-and-error process 7. Desjardins, S.H., Laananen, D.H., Singley, G.T., IIn,

where innovations ultimately have to be tested and fine-tuned "Aircraft crash survival design guide," Fort Eustis, VA:

in fielded aircraft. The crash experience of the Black Hawk Applied Technology Laboratory, U.S. Aomy Research

has shown that with relatively minor modifications to its and Technology Laboratories (AVRADCOM),

structure and certain components, the Black Hawk's surviv- USARTLTR-79-22A, 1979.

ability envelope could be increased in the vertical axis to
approximately 16.8 m/s (55 ft/s). It is for the user community 8. Haley, J.L., Jr., "Analysis of U.S. Army helicopter

to decide whether such modifications are necessary oi cost- accidents to define imp;Lct injury problems," in "Linear

effective [9,10,151. accele'ation of thc impact type," Neuilly-sur-Seine,
France: AGARD CP 88-71, 1971, pp. 9-1 to 9-12.

Regardless of design decisions made on the Black Hawk itself,

this helicopter has provided the development community a 9. Haley, J.L., Jr., Hicks, J.E., "Crashworthiness versus

wealth of information on crashworthiness design concepts. It cost: A study of Army rotary-wing aircraft accidents

has proven what works and what does not work, and an in period Jan 70 through Dec 71," in "Aircraft Crash-

analysis of its successes and failures will lead to new concepts worthiness," edited by Saczalski K. et al., Charlottes-

for future generation helicopters. ville, VA: University Press of Virginia, 1975.
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U.S. ARMY HELICOPTER INERTIA REEL LOCKING FAILURES

B. Joseph McEntire

U.S. Army Aeromedical Research Laboratory
Biodynamics Research Division

Fort Rucker, Alabama 36362-5292
IJ. S. A.

SUMMARY It must be emphasized the specification requirements were met
The inertia reels utilized in U.S. Army helicopters are regu- during MA-6 and MA-8 inertia reel procurement. However,
lated by MIL-R-8236. This is a performance specification it has become evident that the specified performance require-
which requires the MA-6 and MA-8 inertia reels to automati- ments are inadequate to completely cover the crash envi-
cally lock when the restraint strap is subjected to an acceiera- ronment we now are experiencing. Some of these crash
tion between 1.5 and 3 G. A review of U.S. Army Safety environments are due to changes in operational tactics and
Center, Fort Rucker, Alabama, misiap data revealed a number others are due to advances in crashworthy helicopter designs.
of critical and fatal injuries attributed to upper torso flailing
that occur in survivable mishaps. Some of these injuries relate MISHAP DATA
directly to the inertia reel eithc : failing to lock or not automat- Aircraft mishap investigations generally focus on two ques-
ically locking soon enough. Laboratory sled tests have tions: (1) what was the cause of the mishap, and (2) what can
revealed sporadic failures of the inertia reel in both its auto be done to prevent mishap reoccurrence? In view of these
lock and manual lock positions. Inertia reel failures during goals, inertia reel performance is a subordinate consideration.
high horizontal impacts are believed to be due to high In the majority of U.S. Army rotary-wing mishaps, evidence
rotational velocities of the ratchet wheel which may prevent of inertia reel failures does not exist. When evidence is
the locking pawl from properly engaging the sprocket. Inertia present, often it is not reported because either the evidenz ! is
reel failures during high vertical impacts are believed to be not recognized, or the occurrence is written off as an insignif-
caused by the low forward acceleration (G,) transmitted to the icant finding and not pursued. Part of this problem is related
shoulder strap because of torso compression, rolling, and to insufficient instructions telling investigators what clues
slumping. The lack of inertia reel maintenance and calibration suggest a possible inertia reel failure.
procedures potentially allow the automatic lock sensitivity
settings to drift to unacceptable levels over time. The Because of problems in identifying* and coding inertia reel
influence of operational conditions (i.e., sand, dust, salt fog, performance deficiencies, a typical search in the U.S. Army
temperature, humidity, etc.) on sensitivity settings are un- Safety Center database does not reveal significant findings.
known. Field tests of 110 inertia reels at Fort Rucker, However, by conducting a search on injury types, and
Alabama, airfields revealed a 24.5 percent failure to lock at reviewing these accident cases for evidence of inertia reel
the 3 G requirement. Corrective actions being considered failure, an alarming number of cases can be identifed. This
include: (1) establishing calibration and maintenance proce- search identified 10 cases since 1983 in which the inertia reel
dures, (2) revising MIL-R-8236 to incorporate dynamic sled can be attributed as faulty. Only survivable and partially
tests, and (3) development of an inflatable body and head survivable cases were considered. There were numerous
restraint system. nonsurvivable cases where the inertia reel performance could

be suspect, but the severity of the crashes made secondary
analyses unreliable. A short narrative of some of these casesINTRODUCTION and applicable investigation findings follow:

MA-6 and MA-8 inertia reels currently are installed in U.S.
Army rotary-wing aircraft. These reels are regulated by MIL-
R-8236 [11 which requires the reels to lock automatically Case 1.
when the shoulder harness webbing is subjected to an exten- AH-64. Flying at about 70 knots and 400 feet AGL, a
sion acceleration above 3 G. The reels must not lock at any loud bang was heard and the pilot noticed a slight right yaw.
strap acceleration below 1.5 G. Between 1.5 and 3 G is a As the yaw worsened, the pilot lowered the aircraft's nose to
grey area of tolerance where the reel may or may not lock. gain airspeed and streamline the aircraft. The aircraft contin-
The specification also requires the reel to lock within 1.27 cm ued to spin and the pilot entered an autorotation to reduce spin
(0.5 inch) of strap movement after crossing the 3 G threshold. rate. The aircraft crashed in a wooded area and was de-
The only difference between the MA-6 and MA-S inertia reels stroyed. The aircraft burned during postcrash fire.
is the ultimate structural load the reels are capable of with-
standing. This load is 4000 pounds for the MA-6 and 5000 "During the crash sequence, one pilot received fatal
pounds for the MA-8. There are other requirements for the injuries and the other pilot serious injuries as a result
MA-6 and MA-8 inertia reels, but the strap acceleration and of an inadequate crew restraint system. (A) The
extension thresholds are the primary requirements associated restraint system does not provide an automatic lock
with aircrew restraint. capability based on G forces other than longitudinally

which allows excessive lateral body movements. (B)
In accordance with MIL-R-8236, an inertia reel failure occurs Excessive forces (2 to 3 Gs) are required to activate
either when it fails to lock at a strap acceleration of 3 G or a the system which leads to excessive body motion.
strap extension in excess of 1.27 cm (0.5 inch) occurs. In this (C) The manual lock levers on both crew seats are
paper, a mome general definition of inertia reel failure is located in positions that interfere with the movement
utilized, i.e., the inability of the inertia reel to prevent exces- of the collective when a crew member has his hand
sive torso motion during dynamic loads, on the lever." j

.1
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Case 2. encountered at impact. As a result, fatal injuries were

OH-58. While conducting a zone reconnaissance at sustained by the PIC because his upper body was not
terrain flight altitude, pilot in command (PIC) executed an adequately restrained in the seat and it was allowed to
evasive maneuver, aircraft descended, main rotor blade struck move within the cockpit during the crash sequence."
several sand dunes causing loss of control and ground impact.
The aircraft impacted the ground in a nose left side-low Case 6.
attitude. Aircraft was destroyed. AH-64. During cruise flight at low altitudes utilizing

night vision systems, aircraft began a gradual descent and
"The copilot sustained severe head injuries due to contacted the ground at 85 knots true airspeed in a nose low
excessive flailing during the impact sequence." attitude. The aircraft slid a short distance and rebounded into

the air. The pilot activated the chop collar circuitry and the
Case 3. aircraft descended vertically, striking the ground and rotating

AH-64. While at an out-of-ground effect hover, aircraft 180 degrees after impact.
entered an uncontrollable right rotation ahout the mast and
started descending. The IP attempted to execute a near "The pilot's injuries were minor and consisted of abra-
vertical landing and impacted the ground at a high vertical sions and lacerations about his face and around his eyes."
rate of descent. Aircraft came to rest in an upright position The copilot's "injuries were major and consisted of
with the empennage twisted and separated from the fuselage. fractures to his right cheek bones, a fractured right

mandible, and multiple abrasions about his face. Injuries
"The function of the shoulder harness locking lever on were attributable to impact forces compounded by tme
both seats is rendered inoperable during in-flight ANVIS-6 goggles and his head striking the instrument
situations due to inaccessibility by either crewmem- panel."
ber. The cockpit layout is inadequately designed
because the locking lever is physically obstructed by
the position of the collective and does not allow the CASE 7.
crewmember to manually lock or unlock the shoulder UH-60. While in a 20-foot hover, the aircraft tail rotor
harness restraint system. In this instance, the rated suddenly stopped turning. The aircraft began an immediate
student pilot (RSP) received warning which would nose-down, violent right spin. The PIC applied power to
allow early locking of the harness but was unable to transition to an open area and climbed to approximately 40
do so. During impact, he received a head injury feet. At this point power was shut off and an autorotation
when his helmet came into contact with the optical initiated. The aircraft landed in a nosed-down, right roll
relay tube (ORT). This is a recurring finding on AH- attitude.
64 accidents."

"The injuries received by the PIC and copilot were
The IP's head struck the instrument panel resulting in a fatal similar. As the seats weye stroking down, the PIC
basilar skull fracture. His other injuries were a small aetrasion struck his face on the collective and the copilot struck
of the lateral right lower thigh, and a small contusion to both his face on the cyclic."
the left cheek and anterior left shoulder. The copilot/gunner
received facial lacerations from striking the ORT. The causal factors for these facial injuries is attributed to

the upper torso restraint system allowing excessive motion.

Case 4.
UH-60. While in a hover a'tempting a night landing, CASE 8.

aircraft struck a parked aircraft, lost tail rotor components and AH-1. The main fuel and oil lines were severed by an
main rotor blade, then came to rest on its left side. OH-58 rotor blade, causing the AH-I to immediately catch

""gthe crash sequence, the Is upper to fire. The AH-! continued straight ahead in a rapid descent.
"During te did notuloce, the aupoer tors The AH-1 contacted two trees, struck the ground, rolled over,
restraint system did not lock in the automatic nmode

allowing excessive flailing. The system is designed and burned.

to lock with X-axis (fore and aft) G forces; however "The front seat pilot was injured during the abrupt
the G forces encountered during this accident were deceleration when his head and body moved forward,
primarily Y-axis (lateral)." allowing his face to strike the TSU. The sight struck

him just below his helmet at the visor line, inflicting
CaHs 5 extensive damage to his face and brain. He did not

All-IS. While in cruise flight, a loud bang was heard sustain any other injuries ... It is suspected that his

from aft section and pilot reduced power to reduce vibration, inertia reel did not function (lock) as designed,

As the aircraft descenued to about 10 to 15 feet AGL, it ing his bot forward an do signg

yawed right, rolled left, pitched down, and the left skid dug g his f on th m eoa and inflict ing

into the desert floor. The aircraft slid and rolled over 1 1/2 his face on the TSU and inflicting injuries that

evolutions.caused his death 5 days later."
The pilot in the rear seat of this aircraft suffered a

"Thie design of the shoulder harness locking device vertebrae compression and lacerations to his lower legs.

does not allow for activation 2 G's in the longitudinal
axis, and no activation is incurred regardless of the Case9.
amount of G's experienced in the lateral and vertical UH-l. After completing an airdrop, an internal (unautho-
axis. The PIC's shoulder harness inertia reel did not rized) tarp broke free, impacted, and caused the tail rotor to
activate at impact as evidenced by injuries sustained separate. Descending, the aircraft started spinning to the right,
and also by a calculation of gravitational forcs leveled, stopped spinning, and struck the ground. The aircraft
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impacted the ground in a right skid-low attitude with a slight "The copilot sustained a severe blow to his head
right turn. Aircraft came to rest on its right side. requiring 5 days hospitalization and an indefinite

restriction from flying duty due to unconsciousness.

"The restraint systems were in place, intact, and in The copilot struck his head on the cyclic grip with the
use at time of the mishap. However, the pilot's helmet absorbing the majority of the impact."
shoulder harness lock malfunctioned on forward
impact. This malfunction caused him to receive a LABORATORY TEST
large cut across his nose and face from the cyclic Dr. Alem and his coworkers [21, U.S. Army Aeromedical
handgrip." Research Laboratory (USAARL), conducted a laboratory study

on the effectiveness of airbags to reduce head injury severity
The pilot was knocked unconscious for approximately 5 from gunsight (optical relay tubes and telescopic sighting

minutes and experienced amnesia retrograde. The causal units) strikes in attack helicopters. As a part of this study,
factors for these injuries are attributed to the upper torso different inertia reel strap acceleration settings were used in an
restraint system allowing excessive motion. attempt to reduce total strap extension. Several MA-8 reels

were set at the standard 1.5 - 3 G setting and others set

Case 10. between 1.2 - 1.8 G. Some new dual mode inertia reels, with
UH-60. Aircraft struck a power line causing the rotor a strap sensitivity setting of 1.2 - 1.8 G and a vehicle sensitiv-

system and tail rotor to separate from the aircraft. Aircraft ity setting of 4 - 5 G, also were used in some sled tests. The
began a rapid spin to the left and fall vertically 224 feet. The applicable inertia reel performance data reported in this effort
aircraft impacted in a left lateral, nose low attitude and was are provided as Tables I and 2.
destroyed.

Table 1: Restraint system action and manikin interaction with the TSU in the AH-1 tests.

Inertia reel Amount

Test Sled back of belt Observations-
number pulse backl Lock extensionObeatos*(G) nge Type setting (cm)

(deg) (G) (CM)

LX6196 19.6 5 MA-8 2-3 1.5- No head contact.
LX6197 19.0 5 MA-8 1-2 3.0 No head contact.
LX6198 19.6 5 D.M.¶ 1-2/4-5 6.5 No head contact.
LX6199 23.5 5 D.M.¶ 1-2/4-5 2.0V Minor helmet contact.
LX6200 23.4 5 MA-8 1-2 8.0 Minor head and helmet strike.
LX6201 23.4 5 MA-8 2-3 10.8 Minor face contact.

LX6202 25.0 35 Chin and cheek contact.
LX6203 25.0 35 D.M.¶ 1-2/4-5 17.5 Nose and right cheek strike.
LX6204 25.0 35 MA-8 1-2 Fill face impact.
LX6205 25.0 35 MA-8 Locked 3.5 Head and full face impact.
LX6206 25.0 35 MA-8 Locked 2.0 Head and right cheek strike.
LX6207 25.0 35 D.M.¶ Locked 11.0 Head and full face impact.

* Estimat-'d from film analysis
"Data ur,..vailable or clearly inaccurate
"Based on review of high speed films and posttest photographs.

¶ Dual mode.

It is interesting to note the amount of belt extension allowed Analyses of the recorded strap displacements were inconclu-
even with inertia reels in a prelocked condition. In test sive regarding the relative effectiveness of the different inertia
number LX6276, a prelocked dual mode reel allowed 11 cm reels and lock settings. However, these test results did verify
of strap extension while two prelocked MA-8 tests (LX6274 inconsistencies within the MA-8 and the dual mode inertia
and LX6275) allowed 3.5- and 2-cm strap extensions. The reel's performance when subjected to a dynamic environment.
two MA-8 strap extension values can be attributed to webbing
packing around the spool and strap elongation. But 'he dual
mode's II cm strap extension is not easily attributed to FAILURE MODES
packing and elongation. One possible explanation is the As first reported by Schultz [3], there are two principal failure
inadvertent unlocking caused by the crash pulse, i.e., the G modes that are plausible. The first is a ratchet effect.
force dislodged the locking pawl from the ratchet wheel and Ratcheting occurs when the locking pawl, activated by strap
allowed additional extension to occur before reengagement. acceleration, falls to properly engage the rotating sprocket.

Figure 1 contains a sprocket and a locking pawl together.
With the reels in their automatic mode, the results are just as Two separate events are theorized to be able to cause this type
confusing. The MA-8 had recorded strap extensions up to of failure. The first event is random and is caused by an
10.8 and 12 cm while the dual mode inertia reels recorded improper timing sequence between the locking pawl and
strap extensions up to 21.8 and 17.5 cm. Again, webbing sprocket. If the locking pawl initially contacts the tip of a
packing and elongation must be taken into account, but do not sprocket tooth resulting in a partial engagement, the tooth or
totally account for these excessive strap extensions. pawl may fracture from excessive shear loads. Fracturing
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Table 2: Restraint system action and manikin interaction with the ORT in the AH-64 tests.

Seat Inertia reel Amount
Test Sle back of belt

number Slse angl e Lock extension Observations*
(deg) Type setting (cm)

______(G)

LX6208 7.7 35 D.M.¶ 1-214-5 5.4* Full face and forehead hit.
LX6209 6.7 35 MA-8 2-3 5.7* Full face and chin impact.
LX6210 6.8 35 MA-8 1-2 7.0' Full face and chin impact.
LX6211 6.8 35 D.M.¶ 1-2/4-5 5.7 Chin and right face impact.
LX6212 6.8 35 MA-8 2-3 12.0 Lower face and chin impact.
LX6213 6.8 35 MA-8 1-2 5.7 Full face strike.
LX6277 8.9 35 D.M.¶ Locked 4.9 Full face impact.
LX6283 25.9 35 D.M.¶ 1-2/4-5 21.8 Head impact with ORT.

LX6214 6.8 20 D.M.¶ 1-214-5 4.5 Left forehead and mouth contacts.
LX6215 6.8 20 MA-8 2-3 4.5 Mouth and forehead contacts.

LX6216 6.8 5 MA-8 1-2 3.2- Forehead and face impact.
LX6217 6.7 5 D.M.¶ 1-2/4-5 Upper nose and forehead impact.

"Estimated from film analysis
"Data unavailable or clearly inaccurate.

"' Based on review of high-speed films and posttest photographs.
¶ Dual mode.

either a sprocket tooth or the locking pawl would allow inspection by knowledgeable personnel can this failure or a
additional strap play out before the pawl reengages the sprocket tooth chip failure be identified.
sprocket.

The second failure mode of the inertia reel is one where it
The second event which may cause ratcheting occurs during fails to activate. This failure largely is dependent on crash
high onset rates of strap acceleration. High onset rates usually kinematics. In the predominantly vertical helicopter crashes,
occur during horizontal impacts. A finite amount of time is the occupant's forward displacement rate and shoulder strap
required for the locking pawl to move into the path of and acceleration is insufficient to activate the inertia reel's locking
then engage the sprocket teeth. During this period, the sequence. This occurrence appears to be more prevalent with
rotational velocity of the sprocket may be high enough that the newer crashworthy aircraft designs such as the UH-60
the pawl skips across the sprocket teeth instead of properly Black Hawk and AH-64 Apache. By design, crashworthy
engaging them. This skipping would continue until the landing gear reduces the G onset rates and peak G forces
sprocket's rotational velocity slowed allowing the pawl to transmitted to the occupants. This is complicated further by
engage. the occupant's initial response to vertical impacts which is to

compress the seat cushion and torso slumping. The cumula-
This type of failure is difficult to identify and verify because tive result is a gradual increase in shoulder strap acceleration
when motion finally ceases at full strap extension, the locking and a delayed inertia reel activation. Since inertia reel
pawl engages the sprocket teeth and remains engaged during activation is triggered by the occupant's shoulder strap
retraction. Inspection of the inertia reel at the accident scene acceleration, the occupant is exposed to an increased flail
reveals it to be locked, giving the misleading appearance that envelope and an increased risk of head and torso trauma.
it functioned properly. Only through a detailed tear down

USAARL FIELD TEST
Not all inertia reel failures can be attributed to changes in
crash dynamics, but some responsibility must be placed on the

- .reel's inability to maintain its calibration setting throughout its

-• service life. CW4 Woodrum and his coworkers [4] raised
"the suspicion that the locking threshold of fielded inertia reels
may not be within the required tolerance of 1.5 to 3 G strap
acceleration. Mr. Woodrum contended that the lack of
maintenance and calibration procedures fail to ensure that

inertia reels continue to lock at the factory setting after
prolonged exposure to field conditions. Based on this
possibility, the Office of the Program Executive Officer,
Aviation (PEO-Aviation) tasked USAARL to conduct a
random sampling of inertia reels installed in various aircraft
models located at Fort Rucker.

To accomplish this evaluation, a field portable inertia reel
tester by Pacific Scientific, part number 3101101-0, was used
for all tests. This tester is shown in a UH-60 copilot seat in
Figure 2. The accuracy of the tester required that it be

Figure 1. If a teal srocket ald loddn~ -. calibrated for each of the different seat configurations found



in the various aircraft. Once calibrated, this device proved to is significant since it places the occupants of these inertia reels
produce a repeatable strap acceleration. The operation of this at an increased risk of head and upper torso injuries if
tester is mechanical and its energy is stored in a spinning fly involved in a mishap. The older aircraft models, UH-I and
wheel. The intent of this evaluation was to find what percent- All-1, showed a higher failure rate than the newer, UH-60 and
age of fielded inertia reels fail to lock at 3 G. Thus, the tester AH-64, models.
was set to provide 3 G strap accelerations.

These data suggest that inertia reel sensitivity may be time
and/or environment dependent. This dependency may be due
to lubricant drying, material wear, spring fatigue, foreign
matter, or other anomalies. Recording the manufacture date
from the inertia reel label was not possible because of the
inaccessibility of some reels. When reels were accessible, the
labels were often unreadable.

- - ••• "a•-• IThroughout MA-6 and MA-8 utilization, the service life has

not been specified. Reels are replaced only if aviators or

maintenance personnel find reels which do not lock when the
shoulder strap is manually accelerated by hand or the reels fail
to lock or unlock by the manual control handle. There are
Army UH-Is, procured during the 1960s, still flying today
with their original inertia reels installed. The performance
levels of these reels remain highly suspect.

PROPOSED ACTIONS
There are several ongoing actions that are intended to relieve
or correct the problems identified here. The first and most
obvious is the adoption of maintenance and calibration
procedures. PEO-Aviation has sent letters to inertia reel
manufacturers asking for guidance and recommendations for
maintenance and calibration procedures. Once this informa-
tion is obtained and verified, it will be incorporated into the
Army depot maintenance work requirement.

Another effort underway is a revision to MIL-R-8236. This
revision includes a new inertia reel, the MA-14, which will be
dynamically qualified. In this requirement, the inertia reel
will be mounted onto a generic seat with a MIL-S-58095 [51
restraint harness and subjected to four different crash pulses.
For each of these dynamic tests, the inertia reel must lock the
shoulder harness within 1.9 cm (0.75 inch) of strap play out,

Figure 2. Pacific Scientific inertia reel tester shown in a not including webbing packing and elongation. Any measured
UH-60 copilot seat. webbing play out in excess of 1.9 cm (0.75 inch) will dictate

failure of the reel to meet the requirement. Some designs
SOnly the pilot and copilot inertia reels were tested in each being proposed include a vehicle sensitive G sensor and others
aircraft. Aircraft models included the UH-1, AH-1, CH-47, include an inreased sensitivity to strap accelerations with
0OU-58, UH-60, and AH-64. A total of 55 aircraft were eval- lower locking thresholds, or both.

A uated. The results of these field tests are shown in Table 3.

For the AH- I and AH-64 airframes, the Inflatable Body and
Table 3. Inertia reel locking failures. Head Restraint System (IBAHRS) also is being developed.

This system utilizes an aircraft-mounted G sensor to activate
Aircraft Reels 3 G failures gas generators which inflate airbags integrated into the

type tested Number Percent shoulder harnesses. This system has been under development
" -"- for over 10 years and a production contract has been awarded.

UH-1 20 6 30 Introduction into service aircraft is planned for first quarter

AH-1 16 10 62 1995, barring program delays.

CH-47 20 4 20

OH-58 14 4 2BIBLIOGRAPHY
I. Department of Defense, "Reel, Shoulder Harness, Inertia

UH-60 20 2 10 Lock," Washington, DC: Department of Defense,
MIL-R-8236 13 November 1986.

AH-64 20 1 5
Total 110 27 24.52. Alem, N.A., Shanahan, D.F., Barson, J.V., and Muzzy,

,-, W.H., "The airbag as a supplement to standard restraint
systems in the AH- I and AH-64 attack helicopters and its

Based on the 110 inertia reels tested, 24.5 percent failed to role in reducing head strikes of the copilot/gunner,"
meet the MIL-R-8236 limits and require recalibration. This USAARL Report No. 91-6, Vols I & II.



42-o

3. Schultz, M., "Inertia Reels For Aircrew Restraint Sys- procedures," Master Warrant Officers Training Class 90-4:
tems," in SAFE Journal, 1990, pp. 84-89. "Inertia Reel Decision Paper," 21 September 1990.

4. Woodrum, L.C., Angle, C., Dawson, D., and Mathis, N., 5. Department of Defense, "Seat System: Crash-Resistant,
"MA-6/8 inertia reel automatic settings and maintenance Non-Ejecting, Aircrew, General Specification for,"

Deptqrtment of Defense, MIL-S-58095, 31 January 1986.



U.S. ARMY'S AVIATION LIFE SUPPORT EQUIPMENT RETRIEVAL PROGRAM
REAL WORLD DESIGN SUCCESSES FROM PROACTIVE INVESTIGATION

Joseph R. Licina, MSS
U.S. Army Aeromedical Research Laboratory

Biodynamics Research Division
Fort Rucker, Alabama 36362-5292

USA

MAJ Arthur C. Sippo, MD, M.P.H.
Ohio National Guard
Holland, Ohio 43528

USA

SUMMARY short, it appears to be the first definitive self-examination of
The U.S. Army Aeromedical Research Laboratory (USAARL) U.S. Army aviation survivability. The report prompted further
manages the Aviation Life Support Retrieval Program inquires from the field on ALSE, crashworthiness, postcrash
(ALSERP). The purpose of this program is to evaluate and fire, and survivability. Also, it provided the aviation crew-
record the efficiency of Aviation Life Support Equipment member population with a proven reason to wear the APH-5
(ALSE) in the aircraft accident environment with our focus protective helmet which had not been totally accepted, even
centered on rotary-wing aviation. Personal injury data are though it had been in the Army inventory since 1958 [21.
correlated with the item of ALSE provided for protection,
along with information on the accident kinematics and
dynamics. These ALSE items are assessed for damage to Table 1. Personnel in fatal e'urvivable accidents.
determine if the design was adequate, it was manufactured to Not using safety belt 3
design, and/or it was properly worn by the crewmember.
These data are used by USAARL to identify design deficien- Using safety belt 8
cies and to substantiate the need for system improvements.
The ALSE sent to USAARL for analysis includes: helmets, Unknown 3
crashworthy seats, restraint systems, inertia reels, survival Not using helmet 9
vests, and flight suits from the U.S. Army, and upon request,
the Navy, Air Force, Coast Guard, and other government Using helmet 4
agencies. The primary item of equipment received by Unknown 1
USAARL for analysis remains the helmet due to the identified
criticality of head trauma in aviation mishaps [1]. Not using shoulder harness 12

EARLY RESEARCH AND CONTRIBUTIONS Using shoulder harness 1
The U.S. Army established early credibility in research of Unknown 1
trauma related to the aviation environment through several
studies and subsequent reports. The first of these was
published in 1961 by the U.S. Army Board for Aviation Table 2. Type injuries as cause of death in survivable
Accident Research (USABAAR) [11, For. Rucker, Alabama. accidents, July 1957 - December 1960.
In this initial repo, the USABAAR performed an analysis of
accident data and found the U.S. Army had experienced 1214 F/W R/W Total
major accidents from July 1957 through December 1960.
These accidents were comprised of 571 fixed-wing and 643 Head injunes 13 8 21
rotary-wing aircraft. The study showed that 96.5 percent of Multiple extreme 12 8 20
the fixed-wing and 97.7 percent of the rotary-wing accidents
were considered survivable. Although the survivability rate Bums and complications 8 8 16
appeared to be quite satisfactory, a second analysis was Rupture or laceration of heart 4 1 5
conducted on fatal helicopter accidents from October 1957 or great vessels
through August 1959. Out of 24 fatal accidents, 11, or 46
percent, of these accidents were classified as survivable, yet Hemorrhage and shock 0 3 3
14 fatalities were experienced. At that time, survivability was Exposure -- cold, heat, etc. 2 0 2
narrowly defined as the limits of human tolerance related to
crash forces. The author of this report attempted to provide Drowning 0 2 2
further causative facton; by surveying infonnation on ALSE Traumatic hemothorax 0 1 1
(Table I) and found that nonuse of equipment due to either Trumtihmohoax0__
supply availability or personal selection played a significant Transection of spinal cord 1 0 1
role in survivability. Then, types of injuries were surveyed as

the cause of death in survivable accidents (Table 2). showing Asphyxiation 1 0 1
the "big three" to be head injury, multiple extreme injury, and Unknown 0 2 2

burns and complications, These three accounted for 77
percent of all injuries causing death. This report went on to
discuss the aircraft inventory, postcrash fire experience, crash Until the publication of this first report. the aviation accident
helmet experience, future injury patterns expected, etc. In investigation teams of the U.S. Army had been diligently
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collecting, analyzing, recording data and identifying hazards helmet retention and crashworthiness driven by accident data,
from individual accidents with a selfless sincere dedication. the USAARU acoustics section had been completing research
The missing components of this endeavor were the cataloging, and sending a strong message to the Army concerning noise
categorizing, and trend analyses that could make all of these exposure, hearing loss, and the risks associated with the
data germane to the community which it served. Even today, aviation environment. The results were the significant
we acknowledge there is adequate budget to investigate and improvements in acoustics protection included in this helmet.
identify the causes of specific accidents and sufficient corn- USAARUJUSAARL succeeded in providing adequate justifica-
mand emphasis to complete the individual accident reports. tion for design changes through accident data, effectively
According to the U.S. Army Safety Center (USASC), Fort researching sources of technology, and completing a concept
Rucker, Alabama, an individual "Technical Report of U.S. evaluation to assist the materiel developer in selecting a
Army Aircraft Accident" may contain multiples of 15 different product. One of the hidden, but most important, lessons of
forms with additional information as necessary, and total in this effort realized after the fact was the willingness of
the vicinity of 415 pages when completed. Basically, we still USAARU/USAARL to turn over the true development
are structured to explain the loss, identify the hazards, and program to the proponent activity and step back at the right
provide corrective measures to the responsible parties and moment. It is a lesson that serves us well today, in our
command chain. However, there seems to be a continued lack capacity as a positive contributing resource to many develop-
of resources to complete the research necessary to identify ment programs.
trends within these data.

ESTABLISHING A PROGRAM
Under charter of The Surgeon Ger.ral of the Army and the Perhaps the deciding factor in establishing a program to focus
U.S. Army Medical Research ant; ')evelopment Command on aviation accidents and ALSE was due to the catalyst of two
(USAMRDC), the U.S. Army Aeninedical Research Unit reports published in 1971. The first dealt with the costs of
(USAARU) was formed to address aeromedica] issues relating training, maintaining, and replacing an Army aviator [4],
to Army aviation. Although the USAARU, redesignated while the second covered injury and death costs in Army
USAARL in 1969, addressed a myriad of activities from noise UH- 1 accidents during a single fiscal year [5]. The economic
exposure to human performance, when aviation accidents and reality of the hidden costs associated with accidents is a
survivability became issues of concern, the data reduction led tangible fact that can transcend the uncertain payback often
to a narrowed focus in the arena of ALSE, and problems associated with research. In 1972, USAARL established the
associated with the use of these items. One of the specific Aviation Life Support Equipment Retrieval Program
concerns within this narrowed scope was head injury and the (ALSERP). The program was defined in the then Army
protective helmet. USAARU continued to assess head trauma Regulation 95-5, "Aircraft accident prevention, investigation
and took a proactive approach by presenting the results of and reporting" [6]. The ALSERP was established with
research throughout the Army and by assessing not only what regulatory authority necessary for acceptance by the Army in
the U.S. Army had to offer, but surveying the other services the field. Regulation titles have changed, but ALSERP
and industry on what could be provided as protection to the maintains its authority today in Department of the Army
aircrew. The Research Unit worked within the U.S. Army Pamphlet (DA Pam) 385-95, "Safety, aircraft accident investi-
Qualitative Materiel Requirements (QMR), established for gation and reporting" [7]. In addition, USAARL has the
aircrew protective helmets in 1962, consisting of the unique freedom to move within the safety channels by Letter
following: of Agreement with the USASC. We benefit greatly from

USASC investigator contributions and in obtaining detailed
i. Compatibility with voice communication and attenua- information and material from mishaps. In 1979, Memoranda

tion against excessive noise. of Agreement were signed with the U.S. Navy Aerospace
2. Compatibility with integrated sun visor. Medical Research Laboratory, Pensacola, Florida, and the U.S.
3. Flash blindness protection. Air Force Inspection and Safety Center, Kelly Air Force Base,
4. Oxygen and gas mask compatibility. Texas, for the submission of crash damaged helmets to
5. Ballistics protection. USAARL for analysis and with the aim of forming a triservice
6. Comfort, database on aviation crewmember helmet performance.
7. Crash protection.

The ALSERP program may have been founded on our ability
USAARU was not chartered to design a helmet, but unit to perform accident record analyses, but USABAAR, and later
personnel attended meetings with the Quartermaster Research the USAARU/USAARL, realized that physical examination of
and Engineering Center, Natick, Massachusetts, the U.S. Army the actual ALSE involved in the accident was necessary. Not
Aviation Materiel Laboratories (USAAVLABS), Fort Eustis, only did physical laboratory-based examination of an accident
Virginia, and met and corresponded with many others in the helmet allow a more detailed analysis by a selected team of
Government and private sectors pushing technology. In 1968, experts, it also provided the actual item for accurate duplica-
USAARU examined the U.S. Navy SPH-3 and found it to tion of damage or impacts in the laboratory, if desired.
possess sufficient potential for the justification of exploring a Initially, field units were enthusiastic about sending crash-
new generation of flight helmets. The SPH-3 was modified to damaged helmets and other equipment to USAARL for
eliminate sme stringent Navy specific proection requirements analysis, but the accountability of equipment and supply
and strengthen sme Army specific areas of concern. This replacement became. a factor. Today, DA Pam 385-95
USAARU-contracied helmet was designated the SPH-3X. It includes a chapter on personal protective equipment stating
was compared to the existing APH-5 for acceptance and was that all ALSE which is suspect of being linked with the cause
found to be suitable [3). After further study and additional or prevention of injury during a mishap is to be sent to the
design modificatons, the pmrpment activity for helmets, the USAARL for analysis. Further, it provides the unit command-
Quartennmster Research and Engineering Center, contracted er with procedures for the turn-in and accountability of
and fielded this helmet. It was designated the U.S. Army equipment sent to the ALSERP. Even with this direction, it
Sound Protective Helmet No. 4, or the SPH4, as it is known is understandably difficult for unit commanders to send away
today. Although not paer of the design push concerning and write off selected helmets worth over $9,000 that may or
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may not be damaged. Education about the requirements and in the manner of computerized cataloging of data under coded
purpose of the program and open lines of communication text or the actual medical report or autopsy. Although the
between USAARL, the USASC, and the field units are coded "check the box" format greatly reduces the workload of
necessary to guarantee both the integrity of the investigation the flight surgeon on the Accident Board, codifying inforrna-
and preservation of limited unit assets. Again, regulatory tion greatly reduces the detail in the description of injury.
guidance is necessary for a functioning program. This is true, especially for cases with multiple injuries on one

individual and limited spaces or descriptors on the preprinted

NARROWING THE SCOPE OF THE EFFORT form. For the sake of brevity, small contusions and abrasions

The intense interest of the ALSERP project officers may be may not be included. In attempting to explore and possibly

shared and taken to the field by accident investigators, establish relationships between the injury and the helmet

Results sometimes take the form of boxes containing miscella- damage, these overlooked data are critical. For the purpose

neous equipment taken from an accident scene that may or of ALSERP, we request a copy of the actual medical report or

may not have anything to do with the survivability issues at autopsy in its entirety.

hand. Worse yet is the well-intentioned new investigator who
sends all of this material with little or no labeling or notes on This program needed a standard measure for the classification
what parts came from where. The ALSERP has addressed of injury that would be of utility to a wider population than
these problems by defining parameters for collection to guide just the U.S. Army. The 1976 Abbreviated Injury Scale (AIS)
the field investigator. In the case of the helmet, we limit [9] published by the American Association for Automotive
retrieval to helmets involved in accidents in which any one of Medicine was selected as the foundation for cataloging
the following events has occurred during the accident se- ALSERP injury data. This first AIS provided a single overall
quence: AIS value assigned to each patient on the basis of the exper-

tise of the medical personnel in attendance. The 1980 revision

1. Helmet darriage: did not support this method of overall evaluation and recom-
a. Fracture, puncture, crack, gouge, or delamination mended several alternative methods of assessment. The most

of the outer shell. useful for our program is the maximum AIS (MAIS) which
b. Failure or tear of the chinstrap, nape strap, or uses the highest AIS number assigned to any single injury of

retention assemblies that would otherwise necessitate !. p, ir to the patient to characterize the overall severity. For use in
the helmet before reissue. helmet analysis, injuries other than to the head and neck may

c. Visible damage to the energy-absr ,,ner liner, provide a misleading descriptor in establishing relationships of
2. Wearer injury: injury and protective performance. For instance, the AIS

a. Wearer becomes co, _i ,d (impaired limited to the rombination of head, neck, external, and the
consciousness). upper vertebrae of the spine may be used for a helmet or head

b. Wearer receives any t- pe of major head or neck injury-related issue. Conversely, the MAIS should be used
injury, when addressing airframe crashworthiness and crewmember

c. Major injuries a,. defined as injury involving: flail injury. Continuity of reporting assessments is not
(I) Five day, of hospitalization, possible when one report is published under one standard and
(2) Unconsciousness due to head trauma, the AIS is nmdified, but the program is set up to use the
(3) Frac:are (open or closed) of any bone, current AIS for comparison with previously collected data. As

including the nash, bone. of this writing, the 1980 AIS is the latest revision that has

d. Moderate to severe lacerations which cause been used for reports in this program, although the 1988 AIS
extensive hemorrhage or require extensive surgical repair [81. will be used for subsequent reports. An example of 1980 AIS

codes for head injury is presented in Table 3.
We request that investigators do not adjust or disassemble
helmets when they are retrieved. We also ask investigators to
call if there is any question regarding the retrieval of a helmet. FORMAT FOR HELMET ANALYSIS
For ir, ance, it is possible that significant crash forces were The following is an explanation of the ALSERP helmet review

preseit in a specific mishap and the helmet shows signs of form. It is presented in its work sheet format in Appendix A.

mul.aple impacts but does not meet the parameters of damage The intent is to provide the reader with the outline of an

and the wearer was not within the injury patterns listed above, approach to ALSE investigation and injury correlation. The

We would ask the investigator to have the unit ALSE techni- flow starts with demographics of the mishap (blocks I and 2),

c;an remove the inner styrofoam liner and check for damage. the aircraft (block 3), the wearer (blocks 4-6), and the helmet

Although no external cosmetic damage is present to the outer (blocks 7-9). It continues with the wearer's position in the

;hell, unit ALSE personnel have removed the inner styrofoam aircraft (blocks 10 and I1) and the injuries incurred (blocks

liners and found compression of the liner on the surface 12-14), including the issues of possible modifications to

interfacing the shell or a delamination of the shell on the improve performance of the helmet (blocks 15 and 16). AIS

inside, or both. codes are provided in blocks 17-26, followed by helmet
retention and earcup issues (blocks 27-30). Visor issues are

Other equipment may be sent to the ALSERP depending on listed in blocks 31 and 32 and correlated to insult possibly

the issues involved or according to the interest of any of the caused by the visor (blocks 33-36). Helmet rotation is

Aviation Accident Board members. Any crashworthy seat covered in block 37. The clip damage referred to in blocks

involved in an accident where injury is sustained or any seat 38-43 is an issue relating to the sling suspension of the SPH4
that shows signs of stroking due to impact forces automati- only. Block 44 identifies disposition of the helmet for further

cally is sent to the ALSERP. Oftentimes, all equipment worn assessment. Helmet shell damage is covered in blocks 45-62.

by a deceased crewmnember is collected and sent to the The compressible inner liner and damage to it am covered in

program, although this is not a requirement. blocks 63-69. Based on the SPH-4 sling suspension system,
this form does not allow for assessment of the dimpled plastic

MEDICAL INFORMATION sheets or cover of the thermoplastic liner (TPLTM) or the inner

Medical information derived from accident reports may come basket assembly and internal electronic "can" assemblies of
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Table 3. A sample of 1980 abbreviated injury scale PROGRAM SUCCESSES
(AIS) codes*. Since 1972, USAARL has received and reviewed over 340

helmets, 100 seats, and numerous restraint systems, including
0 No injury varied items such as survival vests and articles of flight

1 Minor No unconsciousness; nasal clothing. The results of the assessments of these items have
fracture, superficial scalp lac- provided the initial focus for further research in different paths
erations, dizziness, headache of study. Human head and neck response to impact acceler-

ation and head injury pathology coupled to the clinical, safety,
2 Moderate < or = 15 min. unconscious; and administrative significance of these issues have been

linear fracture, inner ear injury explored. We have published reports on helmet damage and
orbit fracture, retinal detach- head injury correlation that cite head injury at peak accelera-
ment, deep scalp laceration, tion levels far below the 400 G used for the manufacturing
Le Fort I Maxillary fracture performance criterion in Army helmets [10] at that time.

3 Serious 15-59 rain. unconscious; eye Subsequently, we again pushed technology and we have
avulsion, LS Fort m n maxillary moved the drop height from 3 feet with a peak of 400 G to a

fracture, ethmoid fracture drop height of 6 feet and set a 150 G (never to exceed) peak
acceleration requirement which is being met. Two reports

4 Severe 1-24 hrs. unconscious; Le Fort have covered the SPH-4 helmet performance. One covered
III maxillary fracture, epidural the period 1972-1983 [11] and the second covered the period
or subdural hematoma < or = 1983-1987 [12].
100cc; life threatening

USAARL again entered the concept evaluation field in 1982
5 Critical >24 hrs unconscious; epidural over the concern of transmitted loads to the head from lateral

or subdural hematoma > 100 impacts in the helmet earcup area. Designed for sound
cc; survival uncertain attenuation, the standard SPH-4 earcup reached a compressive

6 Maximum Currently untreatable, partial force of up to 5000 pounds prior to fracture which was well
or complete decapitation, beyond human tolerance. USAARL contracted for the
crushed skull manufacture of a crushable earcup that also would meet the

acoustic protection requirements of the Army. The metal
9 Unknown Insufficient clinical or patholog- crushable earcup produced proved satisfactory on both counts

ical information [13]. Again, we were faced with the proven versus accepted

issue and the ALSERP program "finished the job" by perform-
" The Abbreviated Injury Scale 1980 Revision. ing a itudy and publishing a report, on lateral impact to the

head [14]. We reviewed aircraft accident case files between
the Apache Integrated Helmet and Display Sighting System 1971 and 1979 covering 222 flight helmets and found clearly
(IHADSS). CuhI entdy, we do not have enough accident that lateral impacts yielded a higher rate of serious injury to
experience with the IHADSS or the TPLTM to adequately set the head than other areas of impact (AIS greater than 4) at a
experincetao withem o HAf orta as nthe T68 versus 46 percent incidence. Similarly, there was a greater

incidence of basilar skull fracture due to lateral impacts than

THE LABORATORY REVIEW TEAM to other aieas of the helmet (46 versus 18 percent). We

When considering the laboratory analysis, the composition of established the proven "blood priority" of basilar skull fracture

the ALSERP inspection team is a critical element. USAARL and again offered a concept, the crushable earcup, from the
uses a minimum team from the selected disciplines of ALSE, survivability standpoint. The Army looked with intent to
medicine, engineering, aviation, and safety. The ALSE move on this issue. Today, contractors are successfully
technician is current and versed on the equipment being mar.ufacturing crushable earcups of ABS plastic. Various
analyzed. The flight surgeon is active and on flight status types have been included in the SPH-4B and the HGU-56/P.
representing the specific military service involved in the Crushable earcups are one of the basic design requirements for
accident. The design engineer may be an aerospace or general all future Army aviation helmet systems.
engineer with experience in the specific item being analyzed.
The pilot is an instructor pilot currently on flight status and When helmet-mounted sight systems were added to our
preferably qualified in the specific aircraft type, model, design, aircraft, we assessed the affect of vibration on the sight using
and series involved in the accident. The safety specialist is mechanical linkages [15]. In 1981, we completed a variable
performing the safety officer's function as a primary duty and weight center-of-gravity (CG) helmet simulator for assessing
has experience in aircraft accident investigation. Any member helmet-mounted devices and the affect on muscle loading and
of the team may be performing dual functions such as an fatigue on our aviation crewmember population [16]. The
aviation safety officer who is also a unit instructor pilot, or an results of these studies have been used in the criteria for the
aerospace engineer who also is performing the duties of an development of helmet sight technologies currently being
ALSE technician. Additional expertise is drawn from the U.S. considered for the RAH-66 Comanche.
Armed Forces Institute of Pathology (AFIP), Washington,
D.C., the USASC and its field investigators, Natick Labora-
tories, Program Managers' offices for various aircraft and We have shared our concern over the aviation crewmember
•,v' ,-.v•, e'c., as necessary. No case review is accom- protective helmet with studies involving bump protection
plished without the presence of all necessary parties defined requirements of the armored vehicle crewman's helmet. We
above. In reality, this requirement often is difficult to comply have studied injury patterns and provided guidance to the U.S.
with in a timely manner due to the varied primary duty Army Airborne School, Fort Benning, Georgia, the XVIII
responsibilities of those involved, but participation by all Airborne Corps, Fort Bragg, North Carolina, and Natick
parties eliminates questions at a later date and, therefore, this Laboratories relating to head injuries and protective altema-
procedure is not compromised. tives for airborne training and operations.
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In 1982, we published the "Analysis of U.S. Army Aviation and provided the criteria for the extra-large IHADSS helmet
Mishap Injury Patterns" [171 which included examples of currently in service.
injury data use by program managers, resulting in improve-
ment programs being incorporated into Army aviation. Participation in the AH-64 program continues through the

ALSERP. A fatal mishap in January 1992 revealed a possible
Seat belts and inertia reel systems also have been a primary design flaw in an overhead circuit breaker panel. Although
area of interest in the ALSERP program. USAARL has been not a contributing factor in the fatality, the undesirable
instrumental in tightening requirements on seat belt elongation frangibility of this overhead panel was noted as a failure for
due to our experience investigating accidents involving head the third time out of three AH-64 accidents by the ALSERP
and face strikes on optical tracking devices in our attack investigators at the accident site. The possibility of this panel
helicopters. When shoulder harness lead-in strap failures causing injury clearly is present. ALSERP has forwarded
began to occur in one aircraft type, timely ALSERP participa- information on this hazard to the program manager's office
tion identified an incorrect installation of the seat belt guide and action officers are including this issue in the next System
[18]. The corrective action was an immediate grounding of all Safety Working Group where redesign of the connection
aircraft and a one-time inspection for and correction of this points will be directed. Clearly this is not an ALSE issue, but
deficiency. it was explored due to its possible interface with the helmet

worn by the crewmember.
During the design and fielding of the AH-64 Apache helicop-
ter, scientists and engineers from USAARL and the ALSERP The Army's latest effort is the development of the Light
participated by Army charter and not always by invitation of Helicopter Experimental (LHX), later designated the RAH-66
the program manager. The IHADSS was developed by the Comanche helicopter. This aircraft is designed to fulfill the
manufacturer with limited input from the Army other than missions of scout and light attack. Unlike the Apache
basic global design requirements and goals. One example of program, USAARL participation in the Statement of Work, the
the program direction is that in the development phase, the setting of program requirements, and the Source Selection
contractor was using a poured foam-type liner which Board were not only actively sought, but have been and
USAARL identified as a component that failed to meet impact continue to be funded by the Comanche program manager.
standards. The use of this liner was continued throughout USAARL provided criteria in the form of a report defining
development because of its superior stability attributes, health hazard issues in the helmet integrated display and
especially since helmet stability was a recognized critical sighting system (HIDSS) for the LHX [21]. This report was
factor in helmet-mounted sighting issues. Our engineers often used by the competing teams in the conceptual development
were perceived as a thorn in the side throughout development, of their respective candidate helmet technologies. Innovative
Only when the Apache was ready to be fielded and initial key approaches to headborne visionics and head protection were
personnel training commenced did the contractor come out explored and presented by the competitors. USAARL
with the true proposed liner. We impact tested the helmet responded by considering these new approaches and modified
with the new line design and it passed with only minor the Army's requirements to address and allow exploration and
problems. However, we did identify fitting problems with this development of these new concepts and devices. The "Revi-
liner, both in the lengthy 2.5-hour fitting process and the sion for the Health Hazard Issues in the Helmet Integrated
requirements for multiple subsequent fittings to relieve hot Display and Sighting System (HIDSS) for the Light Helicopter
spots experienced by the pilots. Both the contractor and the Experimental (LHX)" [22] was published in September 1988
program manager denied difficulty in this process and stated and allowed contractors to benefit from their exploration. As
the Army had no experience in the complexity of such an of March 1992, major issues of concern in the helmet arena
advanced system. Fitting was officially declared satisfactory. for this program remain the visionics, crashworthiness,

acoustics, helmet retention, and protective visors. USAARL
and ALSERP team members currently ar full members of the

USAARL volunteered its services to become the first U.S. Crew Station, Helmet, Airframe, MANPRINT, and System
Army helmet fitters. The ALSERP laboratory became the Safety Working Groups of the program.
initial fitting station for the AH-64 transition course and also
became the contact point for helmet materiel problems relating CONCLUSIONS
to the 1HADSS 19). During the fielding of the AH-64 at Fort The investigation and identification of cause factors in
Rucker, USAARL was fitting two sessions of pilot classes aviation accidents are only the first steps in providing what
once a week and noted the continued problems in fitting this should be expected from a safety assessment. The presenta-
population with the size regular or large IHADSS. First, we tion of clear injury data used to substantiate design improve-
assessed the helmet and found that it had, indeed, been manu- ments and the exploration of design alternative concepts
factured to the specification. Then, we assessed the pilot should be the goal of each program. The ALSERP strives to
population and found the 1970 anthropometric data used for meet these goals throughout the ALSE spectrum. Cost benefit
the specification did not reflect the pilot population entering analysis provides the basis for crashworthiness improvements
the AH-64 training program. USAARL then funded a world- and has led to design "firsts" in crashworthy seating, air-
wide survey of all attack pilots in the Army and found the craft/airframe crashworthiness, new requirements in head
head anthropometry of these pilots was close to a full centi- protection, human anthropometric design requirements for
meter larger in the 99th percentiles of the 1970 data identified optimized performance and survivability, inertia reel and seat
in the specification. Further, the M-43 protective mask was restraint system direction, and considerations for helmet design
designated as the protective mask of the Apache program and relating to stability required for helmet-mountrd displays.
it had to fit the pilot's head under the helmet which added a Frangibility of aircraft structure and the associated mechanical

new delta to the head dimensions. The study showed that 9.6 insult now are included in the systems approach to cockpit
percent of the population would have difficulty fitting the design due to accurate substantiated health hazard identifica-
IHADSS alone, and 29.5 percent of the pilot population would tion. Regulatory authority to retrieve material matched with
have difficulty fitting into the IHADSS while wearing the a tested process of data collection and the required member-
M-43 protective mask [201. USAARL completed the research ship of varied disciplines in the investigation guarantee the
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overall program success and validity. The unsolicited request 12. Vyrnwy-Jones, P., Lanoue, B., and Pritts, D., "SPH-4

for assistance by the program office responsible for the U.S. Army flight helmet performance 1983-1987," Fort

development of the next generation of U.S. Army Helicopter, Rucker, AL: U.S. Army Aeromedical Research Labora-

the RAH-66 Comanche, illustrates the maturity and the utility tory, USAARL Report No. 88-15, August 1988.

of this program to our target audience, U.S. Army aviation.
13. Shanahan, D.F., and King, A.I., "Impact response of an
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APPENDIX A. I-Nlo deformtation 3-Moderate, deformatiorn

ALER Hlmt evewFom2-Slight delormation 4-Severe deformation

38. Left front _____

I US.AARL Case no.________ __ 39. Front____

2. USAS~cCase no. _________-_____ ________ 40. Right front -____

3. Aircraftttpe ___ ________________ 41. Right rear ____

4 Last name of wearer ____-_________________ 42. Rear _____

5. SSN _____________ _________________ 43. Left rear _____

6. Wearer's age ____________________________ 44. Helmet available? Yes ______ no______

7. Helmet type _____________________________ Imoaet Surf ace information-

8.ý Helmet manufacturer ____________ ___________I m- Con- Fist Wedge Eon Hemi- Rod Un- Impac-, Object

9ý Hle otatn.pact cane corner sphere known engle struck
9. Heme onratso ~ ____________________________no. (1) (2) (3) (4) (5) (6) (7) (8) (9)

tO. P ltion ofwearer in aircrafttat time ofimpact: 45. __

Pilot - -_ _ copilot 46. ___

Passenger: left __ _ r,iddle ___ _ right __ _ _47.- _

11. Seat onientation (facing): forward ______ side ______48.

rear ______49. __

12. Was this accident fatal to the helmet wearer? Yes ______no _____
50. Were there any impel . io the helmet? Yes______ no _____

13. Were head. rnech. or facial injuries present? Yes ______ no _____

14. Was the pnimary cause of death a head, neck, or facial injury? impact location: (impact no. and dariane code in asorooriate blank)l

Yes -___ no Ddetammration F-fracture P-puncture MM-fmaterial missing
ct-gouge Asaigrertcanf abrasion 4mm NO.no darmage

15 Might a future operationally feasible desic.. or material modifrcatron to the helmei 51 Crown Front ___
likelyp prevent the most serious injuries? (i.e., so that fatal Cases might become
nonfatal and nonfatal cases might have their MAtS code reduced by one or 52. Left side
more)

Yes -_____ no 53. Right side

tft. What operationally feasible modification to the helmet would he recommended 54. Rear ___
by the inspectron team?

55. Front: Left ___

List of head, neckr ano face in urie 56. Right

17. *1- ICO code. AIS code: 57. Left side: Front

18 02- lCD ýode: AIS code; 58. Rear

19, 93- ICI code: AIS code: 59. Rrght srde: Front

20. 04-IlCD code: AIS code 60. Rear

21. #5- lCD code: AIS code 61. Rear: Left

22 116- lCD code: AlS code: 62. Right

23. #7. lCD code AIS code. 63. Uncempressed thickness of foam liner: ___cm.

24 #8- lCID code: AIS code: Permanent foam comciression:

25. 89- ICt code AIS code. Impact Major Minor Percent compression at

2. Ha.neck, face maximum abbreviated injury scal (MAtS) No. axsi aris Area greatest point
2. (cm) (cm) (cmi)

27. Did the helmet come off the wearers head? 64. ____________

Yes----____ no- -_____ Unknown 65. __ ___ - -

28 Chinnstrap farlurOe Yens____ no _ 66. - - ~- _________

29 Retentioni spstein attachment point failure? Yes _ _ no 67. _____________

30 Earcop damage? Yes_____ no 68. -

31 Vinsor positron at rrnpact,

Up - - down __-__ unknown ____ N V G 69 fImpact simulation possible? Yes __ no __

32 Was visor broken 7 Yes no _______:

List injuriest causitd Sn broken nisor

33 9t - CD code AIS coje

f34 02- lCOcode, AtS -ode:

35 03- lCD codeo AIS coda-

36 04- lCD code AIS code

37 Did helmet rotate anid oupose head to fnprry' Yes no -

Q(ig_)9a~#g flook dowi, ntof helmet)
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1. SUMMARY its counterpart in the Cobra ýn two areas: Its proximity to the
Accident investigation records at the U.S. Army Safety Center gunner and its breakaway oesign, a feature that allows it to
were examined to determine the frequency of gunner injuries yield to excessive forces generated by the striking of the
incurred from striking the optical sighting systems in the crewmember's body during a crash. Because of the prc ence
Cobra and Apache attack helicopters during survivable of the sighting systems, the copilot/gunner in both types of
mishaps. Among 105 survivable Cobra crashes during 1972- helicopter can sustain serious or fatal injuries if his upper
1990, the sighting system was implicated in 9 minor and 5 body strikes the gunsight during a crash. Of particular
major injury cases, and 6 fatalities The Apache had eigl concern is the potential for serious head injury from head
survivable mishaps since 1985, with only one gunner fatality strikes on the TSU or ORT.
which was attributed to the optical relay tube (ORT). In this
Apache mishap and in the 11 Cobra cases where major or In this paper, we present the results of a study in which we
fatal injuries occurred, we theorized an airbag would have addressed several aspects of the problem of head strike with
prevented serious injuries. the sighting system: (a) Accident investigation data of the

U.S. Army Cobra and Apache mishaps in which the sighting
To t -plore the role of airbags in reducing the severity of head systems were implicated in the gunner's injuries, (b) move-
strikes, we conducted 32 sled tests with and without airbags. ment of the gunner's helmeted head relative to the sighting
In all tests without airbags, head strikes of the test manikin systems during simulated Cobra and Apache crashes, (c)
were sufficiently severe to cause facial fractures, but not effectiveness of inertia reels and restraint systems to prevent
necessarily irreversible brain damage. Airbags proved head strikes, and (d) usefulness of rapidly inflating air cush-
effective in reducing the severity of head strikes against ions in reducing the severity of head strikes on the gunsight
sighting systems. Using mean values of several indicators of system during crashes.
injury severity, airbags reduced head accelerations by 65 per-
cent, head injury criteria by 77 percent, and head angular 3. ACCIDENT AND INJURY DATA
acceleration peak-to-peak swings by 76 percent in the Cobra Many investigators have documented injuries occurring in U.S.
tests. In the Apache tests, the airbags reduced those same Army helicopter crashes in numerous studies over the past 25
indicators by 68, 52, and 83 percent, respectively. The study years (1-71. The studies suggest that most survivable helicop-
concludes that an airbag system, specifically designed for the ter crashes involve near vertical impacts with terrain, and most
Apache or Cobra, likely would prevent severe or fatal head injuries arise from forces generated along the vertical axis.
and chest injuries. Consequently, design standards for crash resistant helicopters

emphasize reducing crash forces along the helicopter's vertical
axis. Current U.S. Army design standards require forces to

2. INTRODUCTION rermain within tolerable limits at all occupiable positions for
The U.S. Army frst introduced the AH-l Cobra into combat vertical impacts of up to 12.8 m/s on a hard surface [8].
service in 1967 to serve as an attack and antiarmor helicopter.
Since then, the Cobra received a number of upgrades to Human tolerance to vertical acceleration generally is accepted
improve its performance and weapons capability. In 1985, the to be limited to 20-25 g (I g = 9.80665 m/s2) for approximate-
Army fielded the AH-64 Apache as a new generation attack ly 100 ms. Because little or no crushable structure exists on
helicopter offering marked improvements in performance and the bottom of standard fuselages and because of the unpredict-
armaments, and an ability to operate at night and in poor ability of most impacted surfaces, design standards require
weather conditions. Both the Cobra and Apache are attack energy attenuating capability be provided in the landing gear,
helicopters designed to operate in a high threat environment, fuselage floor, aircraft seating, or any combination of the
Even in peacetime, the training missions for these aircraft three. Both the Apache and UH-60 Black Hawk helicopters
subject their pilots to high risks of injury, incorporate energy-absorbing landing gear and stroking seats.

As we will discuss below, the addition of these features
A common feature of both aircraft is the presence of a modifies the crash pulse of these helicopters in comparison to
gunsight in the front cockpit used for target sighting, ranging, other noncrashworthy helicopters.
and designation of the tube-launched, optically tracked, wire-
guided (TOW) or Hellfire missiles. In the Cobra, the gunsight Energy-absorbing features have performed extremely well in
is referred to as a telescopic sighting unit (TSU) and in the both the Apache and the Black Hawk since impacts at vertical
Apache, it is an optical relay mhe (OR1). From a crash velocities in excess of 12.8 m/s have been survivable in both
injury viewpoint, the Apache OR r differs significantly from helicopters. Nevertheless, significant number of injuries still
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occur in survivable crashes of these helicopters. A recent rate of gunsight strikes in the Apache than we have experi-
review of injuries sustained in Army helicopter crashes enced in the Cobra.
demonstrated injuries due to excessive acceleration are, in
fact, reduced in Apache and Black Hawk crashes compared to An additional factor to consider is in the Apache: The impact
other helicopters [7]. We should note that contact injuries in energy-attenuating design of the airframe modifies the impact
all helicopters outnumbered acceleration injuries by a ratio of forces so the impact duration is longer. The longer duration
approximately five to one. Contact injuries are produced by results in slower torso motion that may not generate the 2 to
secondary collisions that occur when an individual strikes or 3 g upper torso acceleration required to activate the lock on
is struck by an object. These contact injuries are caused by the shoulder harness inertia reels in time to prevent a head
inadequate restraint, collapsing structure, or a combination of strike on the ORT. Therefore, the standard 2 to 3 g setting of
both mechanisms. the shoulder harness inertia reel may not provide the appropri-

ate and intended level of protection for the front seat occu-
To document the frequency of injuries resulting from TSU or pants in the Apache.
ORT strikes, we reviewed accident records of the Cobra and
Apache at the U.S. Army Safety Center (USASC). These One remedy to the head strike problem would be to adjust the
include all survivabie ground impact Cobra mishaps from shoulder harness inertia reel in order to activate its locking
1 January 1972 to 30 June 1990. During this period, 105 mechanism earlier in the impact sequence, thus reducing the
Cobra crashes were classified as survivable or partially forward movement of the torso and head. Another would be
survivable with a nonzero vertical velocity at terrain impact. to install a rapidly inflating air cushion placed between the
Of these crashes, 20 (19 percent) resulted in injury to the head and the sighting system and tailored so as not to interfere
copilot/gunner as a result of striking the TSU. Six individuals with the normal operation of the controls. The airbag can be
(6 percent of all crashes) received fatal injuries, another five deployed rapidly by means of a sensor and diagnostic system
received major injuries, and nine received minor injuries. sensing the impact accelerations of the aircraft striking the

In the six fatal Cobra crashes, the gunner who sits in the front ground.

seat died as a result of striking the TSU (five head strikes and 4. MATERIALS & METHODS
one chest impact), whereas the pilot, who sits in the rear seat We conducted tests for this study in two phases: The first in
away from the TSU, sustained relatively minor injuries. Even October 1988, and the second in October-November 1989.
though the accident reports suggested two of the six individu- The tests were conducted at the Naval Biodynamics Labora-
als failed to properly tighten their upper torso harnesses, we tory (NBDL) using a horizontal linear accelerator sled to
concluded the fatalities would not have occurred in the simulate the desired crashes.
absence of the TSU. In all accidents resulting in major or
fatal injuries from striking the TSU (a total of 11), we felt an 4.1 Cockpit Hardware
airbag system would have prevented serious injury. To perform multiple impact tests and observe the interaction

of the test subject in the front seat environment of the Cobra
In crashes resulting in major injury from TSU strikes, the and Apache, we fabricated test devices using a combination of
mean longitudinal velocity at impact was more than twice that actual aircraft hardware and an adjustable support structure.
of those that did not involve TSU strikes: 20.6 mns versus The aircraft hardware u:;ed for the Cobra tests included the
8.72 m/s. All fatal injuries occurred at impact longitudinal distal section of the TSU, the Cobra restraint system with the
velocities over 10.3 mns except for one case of 2.1 m/s where inertia reel, and the Cobra armored seat and bottom seat
the individual reportedly failed to tighten his upper torso cushion. We also included the back seat cushion in the test
restraint. Furthermore, only one chest/head injury occurred at structure.
a longitudinal impact velocity of less than 5.2 m/s, except for
the one case described above. When we compared vertical The cockpit support structure was designed to permit quick
velocities at ground impact for those accidents resulting in reconfiguration of test hardware and modifications of the
major or fatal injury to those from other Cobra accidents, we impact parameters. The structure included a hinge at one end
found no significant difference (student T-test. p > .05) to allow for different pitch orientations. On horizontal sleds
between the two groups: 5.33 m/s versus 3.47 in/s. These such as the one used at NBDL for this project, vertical
findings suggest TSU strike injuries, unlike most helicopter impacts are simulated by placing the seated subject with the
crash injuries, are relatively independent of the vertical seat back nearly parallel to the horizontal tracks. Since the
velocity at impact and highly dependent on longitudinal
velocity. an ihydpneto ogtdnl manikin longitudinal spinal axis is laid along the seat back,

the direction of the impact vector relative to the spine is equal

We also reviewed mishap records of the Apache covering the to the angle between the seat back and the sled tracks.

period since its fielding in 1985 to 30 June 1990 and found An overall view of the setup for tests with the Cobra and TSU
there were eight survivable ground impact mishaps. Of these, is shown in Figure 1. The hardware used in the Apache tests
only one resulted in injury to the copilot/gunner as a result of included the full Apache energy-absorbing crew seat and seat
striking the ORT. In this case, the crewmember received a cushions, the Apache restraint system with the inertia reel, and
concussion and facial fractures, and the estimated vertical and the distal direct viewing section of the ORT. The bottom
longitudinal velocities at impact were 9.44 and 2.56 m/s, section of the ORT that contains the ORT control box and a
respectively. Also, there was a nonsurvivable crash of an CRT were simulated using a specially fabricated box with lead
Apache where the copilot/gunner sustained a forehead lacera- weights to duplicate the actual structural weight. An overall
tion when he struck the ORT. The estimated vertical and view of the Apache test setup is shown in Figure 2 with the
longitudinal velocities at impact in that case were 15.5 and 1.1 ORT installed in the front portion of the test fixture.
m/s, respectively.

The modnt of the ORT was designed to collapse when the

Although the crash experience with the Apache has been impact force exceeded 400 pounds. To retain the frangibility
limited, the ORT clearly presents a significant hazard to the of the ORT in the test fixture while providing a reusable test
front seat occupant in spite of its breakaway design. Further- apparatus, the original mounting bolts that held the upper
more, the combination of energy-attenuating landing Sear and portion of the relay tube to its base were substituted with
a stroking seat in this helicopter, and the closer proximity of nylon screws selected to fail in shear and to be easily re-
the ORT compared to the TSU, makes contact with the ORT placed. The 400-lb collapse threshold was verified by testing
less dependent on longitudinal velocity than in the case of the the new assembly in static compression.
Cobra. If this hypothesis is correct, we can anticipate a higher
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manikin with a nominal weight of 80 kg and a stature of 178
cm. This manikin was designed in the.early 1970s to improve
the biofidelity of impact response of the U.S. Department of
Transportation standard (Part 572) anthropomorphic test
device, referred to as Part 572 ATD. The manikin was
dressed in an Army flight suit and boots, and its head fitted
with either the SPH-4 aviator helmet for the Cobra tests or the
integrated helmet and display sighting system (IHADSS)
helmet for the Apache tests. Although the manikin had a
usual Hybrid Ill neck, the head itself was modified from a
Part 572 head to allow the use of a frangible face, an element
designed and fabricated at NBDL.

The frangible face consisted of a core of foam and aluminum
mesh covered by a 15-mil (0.381 mm) thick aluminum witness
plate, all covered by a silicon rubber humanoid skin. This
face was mounted on the manikin head which had its face
removed and a flat mounting plate welded in its place. When
the face impacted a structure during a test, the underlying
foam and aluminum structures deformed permanently. Post-
test examination of the face indicated whether or not the face

Figure 1. View of the setup for the Cobra telescopic (i.e,, head) struck the ORT or TSU. Additional indication of
sighting unit 35-degree sled test. any head contact with the viewing structure was obtained by

rubbing blue chalk over potential strike locations of the ORT
and TSU. Upon the completion of a test, any blue chalk
marks found on the face indicated a head strike.

4.4 Airbag Hardware
In the second phase of this project, the standard restraint
system was supplemented with an air cushion system mounted
at a convenient location on the ORT or TSU. Our goal in this
phase was to explore the concept of using air cushions to
improve the effectiveness of the current restraint system in
reducing the severity of head strikes on the sighting system
during crash tests.

We selected an off-the-shelf and locally available automotive
airbag system. The system was a driver's side airbag for the
Honda Motor Comp,my supplemental restraint system of its
Acura Legend model. Since our objective was to demonstrate
the concept and not to develop a customized version of the air
cushion, we only added minimal modifications to the external
"mounting hardware to allow the airbag to function as intended.
For example, the automotive airbag used in the tests was

. • designed to take advantage of the steering wheel rim to
provide a back support during its inflation and potential
driver's head and chest movements into it. Because neither
the TSU nor ORT had such a rim, it was necessary for us to
fabricate and install a reaction plate that provided the back
support needed for proper functioning of the airbag. Eventual-

Figure 2. View of the setup for the Apache optical relay ly, airbags would have to be custom-tailored to the specific
tube of ti e sled test. cockpit environment without unduly interfering with thecopilot controls.

4.2 Restraint System 4.5 Documentation
One of our objectives in conducting this study was to examine Two onboard high-speed film cameras, each running at 500
the ability of the restraint system, including the MA-S rate frames/second, were used to record the motion of the manikin
sensitive inertia reel, to prevent head strikes on the sighting head, the restraint system, head strikes, and airbag deploy-
system during crashes when the inertia reel was placed in th mernt. One camera was mounted on the left side of the sled
automatic mode. We did this in two ways. First, we ran tests while the second was mounted above and behind the seat in
at two lock activation settings: 1.2-1.8 g (nominally, a 1.5 g order to view the manikin head and shoulder and the unwind-
setting), and 1.5-3.5 g (nominally, a 2.25 g setting). These ing of the shoulder strap out of the inertia reel. In the second
levels refer to the linear acceleration of the strap as it unwinds phase of testing, these cameras were supplemented by a 200
from the inertia reel. frames/second video camera for quick look, and two 1000

frames/Second film cameras, all placed offboard.
As an alternative approach to changing the locking parameters,
we used the MA-10, a new type of inertia reel which has a Head-mounted accelerometers were used in both phases of
dual acceleration sensing system. One part of this system testing to record linear triaxial accelerations of the head. In
operates much like the standard (i.e, MIL4-8236) MA-6 and the second phase, two angular accelerometers were added to
MA-8 reels. This was set to lock at 1.2-1.8 g linear accelera- record head roll about its forward axis and pitch about its
tion of the unwinding strap. The second part of the MA- 10, lateral axis. In all tests, sled acceleration was recorded.
which senses the impact accelerations of the seat pan, was set Whenever possible, the unwinding of the shoulder strap out of
to activate the lock at 4-5 g in the x- or z-axis. the inertia reel was monitored using a string potentiometer.

The potentiometer was installed near the inertia reel housing
4.3 Test Manikin and its string end attached to a convenient point on the
The test subject was a 50th percentile Hybrid Ill automotive moving strap.
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4.6 Analysis methods 5. RESULTS AND EVALUATION
Two primary categories of data were generated during the In general, vertical impacts were simulated on horizontal sleds
testing: transducer signals and high-speed films. Less formal by aligning the sea back with the horizontal sled tracks.
but equally informative were the observations recorded on the Because of gravity, the downward weight of the manikin
spot during each test by the investigators and still photographs combined with the acceleration forces to produce a thrust
which were taken at various stages of each test. High-speed vector which slightly inclined relative to the sled horizonal
films provided visual records of the impacts and were re- axis. Therefore, to generate impact forces along the manikin
viewed to identify hardware failures and to understand the spinal (longitudinal) axis, the seat was rotated by an offset
interaction between the manikin and the restraint system. angle determined by the average sled acceleration. A seat

back angle of 5 degrees with the horizontal was considered
Transducer data were the primary basis for assessing the adequate compensation for the effect of gravity in our tests.
severity of head strikes with the sighting systems and, hence, Three directions, defined by seat back angles of 5, 20, and 35
the success or failure of the restraint system. Each signal was degrees with respect to the tracks, were designed to generate
digitized at the rate of 8000 samples per second, and filtered impact forces directed 0, 15, and 30 degrees, respectively,
using low-pass 4-pole Butterworth digital filters at one of the from the spinal axis.
following corner frequencies: 1650 Hz for head linear
accelerations, 100 Hz for sled pulses and head angular 5.1 Description of Tests
accelerations, and 300 Hz for shoulder belt extension signals. Two crash severities were simulated. The two acceleration

pulses selected differed primarily in the magnitudes of the
Further signal processing included integration of sled accelera- acceleration (25 and 7 g nominal peaks) while essentially
tion pulse to produce a velocity time-history, from which the maintaining the same velocity of 11-12 m/s. The 25-g pulse
velocity change could be extracted. Head accelerations simulated a severe but survivable crash. The 7-g pulse was
included the forward, lateral, and longitudinal components, as intended to simulate the first 70-80 ms portion of a collapsing
well as their resultant, defined as the point-by-point square load-limiting landing gear where the acceleration dwells at the
root of the sum of the squared components. The head injury 7-g level. In a typical crash involving the landing gear, the
criterion (HIC) also was derived from the resultant head long-duration, low-level pulse may be followed by a 50-100
acceleration. Angular accelerations of the head (pitch and g peak pulse which is generated as the landing gear bottoms
roll) were integrated to produce angular velocities. out. Since this complex acceleration pulse was not achievable

with the NBDL sled, we deemed it was more important to
Belt extension, obtained with a potentiometer, was differen- simulate the early portion of the impact with the available
tiated with respect to time to produce the rate (mis) at which sled. Tests that did not involve the airbag are listed in Table
the belt was unwinding from the inertia reel. In the absence I for the Cobra and in Table 2 for the Apache. Tests with
of direct transducer measurement, a second differentiation was repeated or similar test conditions have been grouped together
done to produce the acceleration (g) at which the belt was even though they may have been conducted in a different
moving. Belt acceleration triggers the locking mechanism in order, as reflected by their test reference numbers.
both the MA-6/8 and the MA-10. Linear acceleration ob-
tained by differentiation is noisy and must be heavily
smoothed before a recognizable signal is produced.

Table 1. Summary of conditions and results of the inertia reel tests with the Cobra telescopic sighting unit.

Head resultant Angular Angular velocity
Test Sd lse Pitch acceleration acceleration swing swing at impact

reference angleat Impact

number Accel- Veloc- (deg) Peak Head Roll Pitch Roll Pitcheration ity () injury
eration (/ (G) crinurin (rad/s2) (rad/s2) (rad/s) (rad/s)(G) (mis) _____ criterion ____

LX6196 19.6 11.1 5 42.4 157 305 3010 2.1 30.5
LX6197 19.0 11.0 5 43.3 119 455 3680 3.0 35.2
LX6198 19.6 11.0 5 40.3 102 505 3935 3.1 32.8
LX6199 23.5 12.0 5 60.6 249 995 5600 4.0 40.8
LX6200 23.4 12.0 5 65.7 250 805 5 250 3.6 43.2
LX6201 23.4 12.0 5 49.8 245 700 5 505 5.1 40.0

LX6203 25.0 12.3 35 138.3 3 000 17 000 13.9 79.5
LX6204 25.0 12.3 35 128.8 1 244 2720 11 500 8.6 61.0
LX6274 25.0 11.1 35 86.9 498 1 295 10 320 4.5 73.6
LX6275 25.0 11.1 35 141.8 594 4 160 18 560 8.4 86.5
LX6276 25.1 11.2 35 195.0 615 1 425 8700 6.2 54.4

"Data unavailable.
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Table 2. Summary of conditions and results of the inertia reel tests with the Apache optical relay tube.

Sled pulse Head resultant Angular acceleration Angular velocity
Test Sled pulse Pitch acceleration swing at impact swing at impact

reference Accel- Veloc- angle Head
number eration ity (deg) Peak injury Roll Pitch Roll Pitch

_______ (G) (mes) (G) criterion (rad/s 2) (rad/s2 ) (rad/s) (rad/s)

LX6208 7.7 10.7 35 93.5 159 1 550 14000 4.8 50.4
LX6209 6.7 10.7 35 31.8 42 535 6 040 3.0 48.0
LX6210 6.8 10.7 35 27.4 35 580 5840 2.6 41.6
LX6211 6.8 10.7 35 39.9 51 695 7420 2.5 48.0
LX6212 6.8 10.8 35 26.2 27 505 7020 1.3 3 5
LX6213 6.8 10.7 35 35.4 55 695 7440 2.9 51.2
LX6277 8.9 10.8 35 52.6 82 1 040 6 800 2.3 40.8S. . ... .. .. ..... .. ..... .............. ........ ..... .... ............ ... ........................ •...... ....-. 1........... ... • ............. .............. ..... .................. .... = ...... .................. .... • ........................... . ........... ....

LX6283 25.9 11.4 35 251.4 1 357 3970 124 000 15.2 54.4

LX6214 6.8 10.8 20 80.5 126 855 16 000 2.5 46.5
LX6215 6.8 10.7 20 53.0 68 800 8880 2.6 49.6

LX6216 6.8 10.7 5 70.5 99 11 070 11 600 3.0 47.2
LX6217 6.7 10.8 5 15.8 -..

"Data unavailable or clearly inaccurate.

Table 3. Summary of conditions and results of G-triggered airbag sled tests simulating 35-degree impact.

Head resultant Angular acceleration Angular velocity
Test Sled pulse acceleration swing at impact swing at impact
refer- Tested -
ence Accel- Veloc- system Peak Head Roll Pitch Roll Pitch

number eration ity (G) injury (rad/s2) (rad/s2) (rad/s) (rad/s)
(G) (m/s) criterion r

LX6270 20.3 10.8 Cobra TSU 43.2* 207* 830 2 815 4.9 29.4
LX6271 23.2 11.5 Cobra TSU 43.6* 190 575 3 840 6.5 23.2
LX6272 25.0 11.2 Cobra TSU 42.7* 133" 1 840 3020 11.2 15.6
LX6273 24.7 11.1 Cobra TSU 52.9* 168 1 470 6.8 *

"LX6278 6.7 9.0 Apache ORT 13.0 26 465 1 500 2.9 8.0
LX6279 7.1 9.3 Apachs ORT 14.6 35 470 1 100 1.7 4.6

LX6280 27.8 11.7 Apache ORT 210.4 1 566 2350 11 440 15.4 40.8
LX6281 25.5 11.3 Apache ORT 67.7 398 1 280 3650 13.4 20.3
LX6282 1 25.6 11.7 Apache ORT 95.7 569 1 840 6600 14.6 34.8

• Actual peak slightly higher than indicated.
"Data unavailable or clearly inaccurate.

5.2 Results of Tests
Detailed results of the tests nay be found in a recent U.S. Valid measurements of the amount of extension of the
Army Acromedical Research Laboratory (USAARL) technical restraint belt out of the inertia reel are listed in Tables 4, 5,
report [9]. Selected response parameters are summarized in and 6. When signal processing results did not agree, within
Tables 1, 2, and 3. These include peak resultant linear reasonable tolerance, with observations from high speed
acceleration (g) of the head and the computed HIC. The head films, the measurements were discarded as erroneous. In
angular motion is reported in the tables as the "swing" many tests, it was possible to estimate the belt extension fromn
between the low and high nearest the time of head strike. film analysis by relying on the checkered pattern attached to
Swings of angular accelerations (rad/W2) and velocities (rad/s) the belt. In fact, this was the only method available for
am tabulated for both roll and pitch. Head pitch is defined as measuring the belt extension when the signal from the string
a rotation of the head about its lateral (Y) axis. Head roll is potentiometer was clearly in error (because of a breakdown in
defined as a rotation of the head about its forward (X) axis. the instrumentation). j
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Table 4. Restraint system and manikin interaction with Also reported in Tables 4 through 6 are qualitative evaluations
the TSU in the Cobra tests. of the high-speed films of the tests and examinations of post-

S_ -test photographs. All test films were reviewed to detect and
Inerta reel report unusual events which could help explain certain signals

Test Lock Belt Headehelmet or the final outcome of some tests. Film reviews focused on
nmoer eype s t (ion aysties) two areas of concern: the extension of the restraint belt outType setting (cm) (film analysis) of the inertia reel, and the head strikes with the TSU or ORT.

___ (G) ____ __ ____

LX6196 MA-6i8 2-3 1.5' None. Head strikes with the TSU or ORT also were easily detected
LX6197 MA-6i8 1-2 30 None. from the head acceleration signals and by posttest examination
LX6198 MA-10 1-2i4-5 6.5 None. of the frangible face. Figure 3 is a typical exhibit of mild
LX6199 MA-10 1-214-5 20" Helmet (minor), deformations produced by the tests. Figure 4 shows a typical
LX6200 MA-6i8 1-2 80 Helmet (minor) example of severe deformations by the tests. Evidence of
LX6201 MA-6.8 2-3 10.8 Face (minor) head strikes in some ORT tests also was obtained from the

shearing of the nylon screws and the collapse of the ORT into
LX6202 Chin, cheek, its base, as shown in Figure 5.
LX6203 MA-I0 1-24-5 17,5 Right cheeK.
LX6204 MA-68 1-2 Full face.
LX6274 MA-6/8 Prelocked 3.5 Full face. ',jr -

LX6275 MA-6/8 Prelocked 2.0 Right cheek.
LX6276 MA-10 Prelocked 11.0 Full face.

Estimated from film analysis
"Data inavailable or clearly inaccurate.

Table 5 Restraint system and manikin interaction with
the ORT in the Apache tests.

Inertia reel
Belt Headhelmet

Test Lock extension st kesn .toer Type setting (cm) (film analysis)

(G) Figure 3. Exhibit of typical mild deformation of the
LX6208 MA-10 1-2,4-5 54' Full face. manikin frangible face produced by a head
LX6209 MA-618 1 2-3 1 57' Full face. stnke against the sighting unit.
LA62'C0 MA-6'8 1-2 70' Full face.
LX691 1 MA-10 1 -2/4-5 57' Right face.
LX6212 MA-6.8 2-3 120 Lower face
LX6213 MA-6,8 1-2 57' Full face
LX6277 MA-10 preiocked 49' Full face
LX6283 MA-10 1-2i4-5 21 8 Head imOact

LX6214 MA-10 1-2'4-5 45 Left face.
LX6215 MA 6.8 2-3 45 Forehead

LX6216 MA-6,8 1-2 32' Forehead.
LX6217 MA-10 1-214-5 " Forehead.

Estimated from film analysis
"Data unavailable or clearly inaccurate K-i-

Table 6. Restraint system and manikin interaction with
the airbag and with the ORT or TSU. Figure 4. Exhibit of typical severe damage to the

-.... manikin frangible face produced by a head
Inertia reel Belt strike against the sighting unit.Test S exa ten- Observations frorr

number T Syiai sion film analysis
Type number (cm) 6. DISCUSSION

LX6270 MA-6i8 l " 5.9 No heac/TSU contact The epidemiological data we examined and the tests we per-
134 46 No headTSU ct fornild in this study indicate the TSU and the ORT pow e

substantial hazard to copilot/gunners in the event of a crash.
LX6272 MA-10 135 " No head/TSU contact The most common serious injury is facial injury, frequently
LX6273 .MA-0 13? " .No .. ead'TSU contact associated with severe brain traumna and death. The prelimi-

LX6278 MA-10 139 6.0 Head/chest (airbag) nary nature of this study limited the number and type of tests
LX6279 MA-10 140 5.4 Head/chest (aibag) that were conducted. It also restricted the expliostioin of the

................................... airbag concept to the use of off-the-shelf hardware with
LX6280 MA-10 141 15.8 Head stnke (ORT) minimal allowance for hardware redesign or modification.
LX6281 MA-10 141 10.8 Heed impact (arbag) Despite these limitations, we haw- demonstrated a problem
LX6282 MA-t0 142 129 Heed impact (airbg) exists and shown a supplemental afibkg is a viable soluinon.

"Data unavauiable or clearly inacurate. In this study, we calculated the HIC from manikin head linear
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S accelerations to provide an additional tool for evaluating the impact vector, so the initial path of travel of the pilot's body
severity of head strikes. We should caution that the validity and head passes near or through the sighting system. The
of HIC as a predictor of head injury depends on several condi- head trajectory is complicated further by the unavoidable slack
tions which must be strictly met. For example, the validity of of the shoulder belt which is produced automatically by the
HIC prediction becomes questionable if there were no head slumping of the upper torso. As a result, the pilot's head
strikes with the ORT or TSU. Even in case of a head contact, would likely strike the sighting system, even when the impact
the HIC generally is considered invalid if the duration of primarily ih vertical. This explanation is supported by field
contact exceeds 15 ms. Usually, the duration of contact is data which show TSU impact is strongly dependent on
much longer than the interval over which the HIC is deter- longitudinal velocity at impact and only weakly dependent on
mined. Finally, the HIC should not be used as a pass-fail vertical velocity.
criterion; instead, it should be used to assign probability of
irreversible brain injury occurring. Thus, assuming all condi- In general, our tests were inconclusive regarding the relative
tions for using the HIC have been satisfied, HIC values of effectiveness of the different inertia reels and lock settings.
500, 1000, and 1300 may be converted respectively to 5, 15, Using amount of belt extension and head pitch angular
and 50 percent approximate probabilities of brain injury [101. accelerations as indicators of inertia reel performance, the

results were quite inconsistent. In the six nearly vertical TSU
tests, belt extensions varied between 1.5 and 10.8 cm.
Although all reels locked, three runs had belt extensions that
exceeded 6 cm, one run for each inertia reel condition.
Ideally, belt extension should be limited to the extent possible
and, preferably, to less than 5 cm in order to prevent flail
injury. We were unable to explain the wide variation in belt
extensions for essentially identical test conditions.

We observed the same degree of variability of belt extension
in severe TSU runs even when we prelocked the reels. Test
LX6203 used a MA-10 dual sensing reel and the belt exten-
sion obtained from a string potentiometer signal was 17.5 cm.
We were unable to confirm this value from test film or onsite
observations. The same uncertainty of belt extension applies
to test LX6204, so we cannot directly ascertain whether or not
the two inertia reels locked upon impact. However, peak
linear head accelerations (138.3 and 128.8 g), head pitch
acceleration swings (17,000 and 11,500 rad/s2 ), and pitch
velocity swings (79.5 and 61.0 rad/s), as well as the damage
to the frangible face, are strong indicators that the two inertia
reels did not properly lock allowing the head to strike with
such severity that it would have caused serious head injuries
in a real crash.

Thr.ee Cobra TSU tests, LX6274, LX6275 and LX6276, were
conducted later in the study under test conditions similar to
the two severe TSU tests discussed above. This time,

Figure 5. Photograph of the observed damage to the extensions of the belt were monitored with a suing potenti-
Apache optical relay tube produced by a head ometer, a reasonable, reliable, and accurate transducer. These
strike, were run with a prelocked inertia reel in order to verify our

hypothesis that head strikes do occur, even if the restraint
system were given the best chance of functioning properly.
Two of the tests resulted in belt extensions of 3.5 and 2.0 cm,

Furthermore, we must emphasize that HIC is a predictor of indicating the belt remained tight and did not extend.
closed brain injury resulting from impacts to the calvarium. Immediate posttest examination of the inertia reel confirmed
Most fatal TSU injuries were open brain injuries arising from this assertion. The third test produced an extension of II cm,
impacts to the face. The significance of this finding is that indicating some slippage of the reel or a stretch of the belt
facial bones are considerably weaker than the more dense must have occurred. Posttest observations indicated the reel,
calvarial bones and yield under relatively low force. In a in fact, did lock.
facial impact with the TSU/ORT, brain injury occurs as a
direct intrusion of collapsing facial bones and not from the Regardless of the action of the inertia reels or restraint belt,
brain's inertial response to an applied force. Under these head strikes did occur in tests, as indicated by observed
restrictions, the HIC probably is not an accurate predictor of damage to the frangible faces and head acceleration signals.
serious injury. In this study, we use it as a relative indicator Peak head accelerations in the 85 to 195 g range and HIC
for comparing the severity of different head strikes. values near 600 produced by all the 35-degree pitch tests were

6.1 Disusmion of Inertia Reel Tests sufficient to cause facial fractures and lacerations and,

Results of the TSU tests (Tables I and 4) show for the six possibly, irreversible brain damage in actual mishaps.

nearly vertical (5-degree) simulated crashes, head strikes were The Apache ORT tests (Tables 2 and 5) were all run at 7 g
associated with lower head accelerations and HIC values than sled pulse to simulate the early portion of collapse of the
those produced by the five more pitched (35-degree) tests. landing gear during a crash. All these tests produced head
That is, the severity of head strikes was lower for vertical strikes to the ORT regardless of inertia reel configuration. No
impacts than for those with large horizontal components. inerti% reel configuration produced consistently better results,

as in the TSU test series. Belt extensions remained below
We may attribute differences in the severity of head strikes to 7 cm, except for test LX6212 where the restraint belt extended
the trajectories relative to the impact vector produced in the by 12 cm. Even then, the HIC and peak acceleration of this
two groups. At the onset of a nearly vertical impact. the head test were the lowest among this group, despite obvious
and body of the pilot travel along a vertical path that does not damage to the frangible face. The highest head linear
pass through the sighting unit As the pitch angle of impact acceleration for this series was 94 g in test LX6208 and the
increases, a greater horizrital component is added to the
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highest HIC value was 160 for the same test, an indication of clear that some characterization of the improvement is
the relative "mildness" of head strikes, possible. To this end, we compared the average values of four

parameters: Peak head accelerations (g), the HIC, and the
Nevertheless, all accelerations exceeded facial bone tolerances swings of head pitch accelerations (rad/s2) and velocities
to fracture. Also, it should be remembered that these tests (rad/s) at the instant of head strike. In using these parameters,
only simulated crashes where the landing gear did not fully no injury prediction was made. Rather, the parameters were
stroke. In crashes that exceed the landing gear sink speed, the used as indicators to assess the mitigating effects of the airbag
7 g pulse will be followed by a considerably higher magnitude on the severity of simulated head strikes. The average value
pulse, potentially leading to a secondary ORT strike more is defined simply as the sum of observed values divided by
severe than the initial strike, the number of observations. No other statistics were derived

because of the small number of observations. Results of
6.2 Discussion of Airbag Tests comparisons, summarized in Table 7, clearly demonstrate the
After preliminary review of data from the first phase, we effectiveness of the airbag in reducing the severity of head
decided to focus the second phase of testing on simulations of strikes with the TSUJ in the Cobra and with the ORT in the
"severe" crashes. After all, if the airbag were to be introduced Apache.
into the Cobra and Apache to supplement the current restraint
systems, it would be primarily to prevent injury in the severest Table 7. Effect of airbags on the means of four head
of head strikes. All tests with airbags were designed to
simulate the 35-degree impact as described in Table 3. response parameters.
Although LX6269 was a full-scale airbag test, no manikin
transducer signals could be processed. Results from 10 (4 Test group and Unear HIC Angular Angular
Cobra and 6 Apache) airbag tests are in Tables 3 and 6. improvement due to Accel. accel. veloc.

airbag (A) (B) (C) (D)
In all airbag tests, the manikin's head rebounded after being
stopped by the airbag and struck the armored seat. This Cobra TSU tests:
rebound action is undesirable and would have been eliminated (1) Without airbag 114.0 871 12 850 70.5
or reduced with refinement of the airbag deployment or the (2) With airbag 47.8 170 3 328 22.5
design of an airbag specifically for Cobra or Apache. The
rebound impact produced lower acceleration levels than earlier % Improvement 66 80 74 68
interaction with the airbag or the underlying support struc- Apache ORT tests:
tures. Generally, head contact with the airbag lasted more (3) Without airbag 59.9 93 9 920 40.5
than 15 ms, so the HIC as an injury assessment tool was not (4) With airbag 13.8 31 1 300 6.3
valid. However, the HIC was used only for the purpose of .... ..... .... .1 30. ..
comparing one test to another and not to predict injury. % Improvement 77 j 67 87 84

The four Cobra TSU airbag tests (LX6270 through LX6273) Parameters:
produced consistent results. As noted in Table 3, true peak (A) Head peak resultant linear acceleration (g).
head accelerations may be slightly higher than those given for (B) Head Injury Criterion.
the four TSU tests. The MA-6 in test LX6270 and MA-10 in (C) Head ptch angular acceleration (rad/s') swing at impact.
LX6271 appear to have locked and restricted the belt exten-
sions to under 5.9 cm. Angular pitch accelerations recorded (D) Head pitch angular velocity (radls) swyng at impact.
in test LX6273 suggest the inertia reel may have failed to
lock. Test groups:

(1) Five tests: LX6203, LX6204, LX6274, ... LX6276.
The remaining six airbag tests were Apache ORT tests. Two (2) Four tests: LX6270, ... LX6273.
of these tests were run at the lower crash pulse severity (7 g, (3) Seven tests: LX6208, ... LX6213, LX6277.
9 m/s) to simulate the early portion of landing gear collapse (4) Two tests: LX6278, LX6279.
during a crash. These were test conditions similar to the
seven nonairbag tests (L.X6208 through LX6213, and LX6277)
reported in the top half of Table 2. This similarity of the two
groups allows direct comparisons between the head strike 7. CONCLUSIONS
parameters to determine the effects of supplementing the In this study, we presented epidemiologic, experimental, and
restraint system with an airbag. The last four tests reported in analytical evidence to support the following conclusions:
Table 3 have no direct counterpart in Table 2. All MA-10
inertia reels locked during the ORT tests; however, belt
extension appeared to be excessive for all 25 g runs. This is The probability of striking the sighting system mainly
particularly true for LX6280 where the belt extension was depends on the crash dynamics and, particularly, on the
15.8 cm and head pitch acceleration was 11,440 rad/s2. longitudinal velocity at terrain impact. Aircraft roll or

yaw at impact may be influential in directing the head
In order to evaluate the effect of the airbag on head strikes, trajectory away from the sighting system, and may
we compared the four Cobra airbag tests to the group of five account for the relatively small percentage of ground
nonairbag tests discussed earlier and presented in the bottom impacts resulting in head strikes.
half of Table I. The two groups simulated the same 35-
degree impact angle, and the severity of the crash pulses During a mnishap involving the Cobra or Apache attack
essentially were the same. In all runs except LX6273, the helicopters, the copilot/gunner is at risk of striking his
inertia reels appeared to lock properly. Aside from minor head against the TSU in the Cobra or the ORT in the
variations in the test conditions, the primary difference Apache. This occurs in spite of the correct use and
between the two groups was the presence of the airbag. proper functioning of the standard restraint system.
Therefore, any improvement in the response parameters may
be reasonably attributed to use of the airbag. We made a Our tests did not produce a clear pattern showing an
similar comparison between the two Apache airbag tests and advantage in using dual-mode inertia reels to provide the
the seven nonairbag tests. solution to excessive upper torso strap extension identified

from crash investigations and other sled tests. An inertia
The small number of teats did not allow formal statistical reel that gives more consistent results should be developed
analysis of the reduction of severity. However, the trend is so and qualified to anticipate dynamic conditions.
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set weather minimums, portions of the rules are subject to pilot
interpretation. For example, the pilot has considerable latitude in

t. SUMMARY deciding whether to proceed with a mission in limited visibility. A
recent study (DOT, 1991) found that night cross-country weather

The Emergency Medtcal Service (EMS) industry has been the minimums were exceeded 9.3 % of the time. Thus, based upon the

subject of several television and newspaper articles (Harvey and numb er of cemi ed accients the t TsB ro eed more
Jensn, 987 whch mphaize th neatie apect, (~g. faaliies number of limited-visibility accidents, the NTSB recommended more

Jensen. 1987) which emphasized the negative aspects, (e.g., fatalities stringent daytime visibility minimums. Based upon these regulations,
and high accident rates), rather than the life saving services the pilot's knowledge of the area, and weather patterns, the pilot must
performed. Until recently, the accident rate of the EMS industry has make the decision to accept or decluic. mnission.
been five times as high as that of other civil helicopters. This high
accident rate has been coupled with the dramatic rise in the number A recent survey has been conducted of EMS accidents since 1986
of programs. The industry has built from a single service at its and a review of EMS accidents submitted to the Aviation Safety
inception in 1972, to over 180 in 1987 (Spray, 1987), to the point that Reporting System (Dodd, 1991). It found that, while the accident
93% of the contiguous U. S. is now covered by some type of EMS statistics had improved dramatically in recent years, the same factors
service. These factors prompted the National Transportation Safety cited as causal or contributory in the early study still exist in current
Board (NTSB) to study the accidents that occurred between May 11, operations. This suggests that the recent decline in fatalities may be
1978 and December 3, 1986 (NTSB, 1988). The NTSB report somewhat more fortuitous than the result of a fundamental change in
concluded that "Sound pilot judgment is central to safe flight the system.
operations.' They further stated that "... factors unique to EMS
helicopter operations--such as the influence of the mission itself, The EMS pilot is in a unique situation in aviation. Often, poor
progra . competition, and EMS program management perspectives-- weather conditions lead to accidents for which an EMS unit is called.
can drastically influence pilot judgment during the EMS mission.* However, the same adverse weather precipitating the accidents also
One of the most difficult decisions that a pilot must make is whether result in mission risk. Further, the decision to accept or reject flights
to accept or decline a mission. A pre-flight risk assessment system is literally a life or death choice. The medical team and hospital
(SAFE) was developed at NASA-Ames Research Center for civil administration may exert pressure, possibly inadvertently, on the pilot
EMS operations to aid pilots in making this decision objectively. The to accept a flight in marginal weather in order to try and save a life.
ability of the SAFE system to predict mission risk profiles was tested In addition, the EMS pilot has no aviation peer group immediately
at an EMS facility. The results of this field study demonstrated that available with whom he can analyze the situation. In contrast, most
the usefulness of SAFE was highly dependent on the type of mission other pilots arw accustomed to discussing such situations with other
flown. SAFE is now being modified so that it can 'learn" with each pilots or flight operations people in airports or pilot ready rooms.
mission flown. For example, after flying a mission to a particular site, The EMS pilot's decision is subject to many influences in addition to
an EMS pilot would input information about this mission into the the weather, the type of mission, competition with other EMS
system, such as new buildings, wires, or approach procedures. Then, operators, crew, organizational, environmental and aircraft factors all
the next time a pilot flew a similar mission or one to the same area, exert an influence on the pilot's decision. The influence of these
ihis additional information would be taken into account in computing factors and their interaction provide a difficult framework within
a risk assessment, which to make a decision. For example, the management of the

company contracted to provide EMS operations to a hoepital may be
located thousands of miles away. This, coupled with a helicopter

2. INTRODUCTION pilot's 'can do' attitude and the challenge of a life saving mission, can
affect sound pliot judgment (Albert, 1987). The above example

Ile emergency medical service (EMS) industry in the United States illustrates that the interaction of organizational, crew, and mission
has received a great deal of negative publicity. In the late 19ws, it factors may lead to risky decision making. Further complications can
was the subject of a CBS news documentary (February, 1987) as well result from program competition. The NTSB report found that it is a
as numerous newspaper articles (Harvey and Jensen, 1967; Harvey, common practice for the ground personnel to call a second EMS
1986) and television reports. These reports focused on a series of operator after being refused service by another EMS operator or
fatal accidents and highlighted the fact that the accident rate for EMS pe r r i f service bz ather EM operatorhorThs public service organization due to weather or other high risk
helicopters was about five times that of other civil helicopters. This conditions.
negative publicity created a public impression of an unsafe industry.
While it is true that the accident rate was on the rise, it is also true Due to the complicated interaction among the above factors, the
that the number of EMS programs has increased, from a single service pilot's decision to accept or reject a mission is an area that would
at its inception in 1972 to the point where now 93 % of the benefit greatly from a decision aid that could evaluate the situation
contiguous United States is served by some form of helicopter air on an objective basis, free from outside influences. The U.S. Army
ambulance service. The issue of EMS safety prompted the National and the Coast Guard have tested such systems to assess mission risk.
Transportation Safety Board (NTSB) to conduct a study (NTSB, The present system, Safety Assessment for Flight Evacuation (SAFE),
1968) investigating the EMS accidents between May II, 1978 and builds upon this earlier work, but was designed specirually for civil
December 3, 19@6 The NTSB investigated 59 accidents involving EMSoperations.
EMS helicopter operations. One clear conclusion of this study was

that: '...poor weather conditions pose the greatest single hazard to
EMS helicopter operations.' While the operators are regul•ted by 2.1 Previous Risk Assessment Systems
Federal Air Regulations (14 CFR Part 91 and Part 135) both of which J
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The U.S. Army developed a system for pre-flight mission risk advantages; (1) Data can be entered and risk assessments
assessment. This is the Aviation Litmus Evaluation Risk Test generated more quickly, (2) it is faster and allows greater
(ALERT) described by Bolcy (1985). ALERT is a paper and pencil complexity and flexibility. A greater number of individual factors
test based upon six factors: I) supervision, 2) planning, 3) crew can be considered, as well as the important interactions among
selection, 4) crew endurance, 5) weather, and 6) complexity. those factors. In the two previous systems, each matrix was isolated

functionally and computationally from each other matrix. Clearly,
A nine-cell matrix was developed for each of these factors, and the interaction of factors such as level of supervision, crew

"risk values" from I (lowest risk) to 5 (highest risk) fill the cells of experience, and weather, can interact to affect sound judgment, aad
the matrix. For example, the matrix for weather condition is shown these should be considered jointly. However, this is
in Table I. Three levels of winds are crossed with three levels of computationally difficult with a paper and pencil system.
visibility to create the nine cells of the weather matrix.

A further advantage of a computerized system is automatic data

Table L. Risk Value Matrix - Weather (ALERT) collection. The report generator option allows data files to be
saved that contain the time, date, mission data, and subsequent

Visibility SAFE scores. This database allows SAFE to be updated and
Clear VFR Minimums improved as more is learned about the factors that lead to risky

decision making. This record can also be used as a log of activities

W1 301 3 4 5 as well as a source of training materials. For example, a new EMS
11 201 2 3 4 pilot could study the patterns of factors that has led to good or poor

N: 101 1 2 3 decision making.
D I

The v•'ucs ft, e-! j, ii,. ýix f[-ors are then added to calculate 2.3 Kn.wlidge-.base Development
,,.c ALERTr value. The ALERT value for this specific mission is
compared to a 30 point scale subdivided into three major categories: To develop the system, initial discussions were held with EMS
(I) Low risk (0-12), (2) Caution (13-23), and (3) High risk (24-30). pilots, flight nurses, and program administrators. Their suggestions,
Thus, the system provides the pilots with an objective risk along with the information from the NTSB report, other published
assessment to aid in the decision process. data, and the earlier systems, served as the basis for developing a

questionnaire. This questionnaire contained five types of factors:

The Army system was modified for use by the U.S. Coast Guard in (1) Mission, (2) Crew, (3) Organizational, (4 )Environmental, and
Medivac operations (McLean, 1986). It was described in the (5) Aircraft. Each of these factors was subdivided into as many as
October 1987 issue of AIRNET (Fedorowicz, 1987). Risk eight variables that could affect the risk of a mission. Subject matter
Evaluation and A iation Resource Management (REARM) experts were asked to rank order the influence of each of the
maintained the basic structure of ALERT, but modified and variables. As an example, the variables for crew factors are shown in
extended some of its attributes, such as the verbal descriptions in Table 3 below. These are presented in the order of importance as
the matrices. For example, the three mission types were changed assigned by one of the subject matter experts.
from: (1) support, (2) nap of the earth, and (3) night vision goggles,
to: (I) site, (2) hospital, and (3) scene. In addition, two of the Table 3. Crew Factors
matrices (crew experience and weather) were increased to twelve
cells. Table 2 displays the weather matrix for REARM. I- EMS experience of pilot

2- IFR currency of pilot
Table 2. Risk Value matrix - Weather 3- Crew rest

(REARM) 4- Pilot's familiaritywith area
a- en route

Visibility b- at site

Clear VFR Minimums 5- Pilot's familiarity with aircraft
6- Number of pilots/aircraft

WI 301 3 4 5 7- Hours since last meal
II >201 2 3 4 8- Commercial rating

NI >t01 1 2 3
D I <101 3 4 5 Thus, for the crew factors, EMS pilots and other EMS personnel

rated EMS experience to be the most important of the crew factors,
and a commercial rating to be the least important. The data and

The weather matrix was further modified to account for winds in suggestions from this study provided the database for the
excess of 30 knots (adding one to the score for each 10 knots over development of a prototype version of SAFE.
30) and night missions (multiplying the score by 2.5). The REARM
scale ranges from 6 to 40 and is divided into four areas: (I) Normal
(6-16), (2) Caution (17-25), (3) Coordination Required (26-35), and 2.4 Operational Testing
(4) Danger (.36-40). This value predicts the risk of the mission and
recommends the appropriate level of supervision required to make SAFE values were computed for every mission flown during a
the final decision, three-week period at an EMS operator, thirty-seven missions

covering both night and day operations were included in the study.
This operator employed four pilots flying a BK-I 17 helicopter. All

2.2 Development of SAFE of the missions were flown single-pilot VFR with a medical crew
generally consisting of a flight doctor and a flight nurse. Prior to

SAFE (Shively, 1988) builds upon this earlier work to create a each mission, the experimenter input the relevant variables into the
system specifically designed for civil EMS operators. SAFE is SAFE system to arrive at a risk assessment score. The pilots were
programmed on a personal computer for speed and efficiency. A not apprised of this score. Following each mission, the pilot was
PC-based expert building tool EXSYS, was employed to develop debriefed by the exp%.- iventer. In addition, pilots were asked to rate
this system. SAFE allows the interaction of many factors to be the risk of the mission just flown (segment by segment) and their
considered through the complex relationships of the if-then subjective workload (full mission) using the NASA-Task Load
conditional statements in its database. SAFE further allows the Index (TLX) rating scale (Hart and Staveland, 1987). These two
most important fators to be given more weight in the final score, dependent measures were compared to the risk prediction provided
For example, weather has been cited as the single most important by SAFE-
cause of EMS accidents, therefore it is given a greater weight than is
level of supervision. In the earlier systems. all the factors were given
equal weight. Autotmating this type of system has several I RESULTS

I
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"To compare scores on the three different scales, the scores were The Aviation Safety Reporting System (ASRS) is operated by
normalized and z-scores used in subsequent comparisons. The NASA with funding from the FAA. It is designed to collect more
correlation matrix comparing SAFE predictions, risk ratings, and information about aviation incidents than was previously available.
workload ratings is shown in Table 4. None of the correlations were Following an aviation incident, a pilot (or other aviation personnel)
significant, can submit an anonymous report to ASRS and receive limited

immunity from prosecution. ASRS compiles, and analyzes this
Table 4. Correlation Matrix of data in an effort to spot hazardous trends and make

SAFE. and Risk Ratin recommendations before such incidents become accidents.
Recently, the ASRS has publicized this service to the EMS

SAFE TLX Risk community and solicited reports (Dodd, 1991). In an effort to
SAFEI 1.00 evaluate the SAFE system with more data covering a wider range of
TLX I 0.16 1.00 mission types, and geographic regions, an ASRS call-back system
Risk I -0.03 0.18 1.0L was instituted. After each incident is reported, an analyst from

ASRS will contact the reporter and conduct a detailed interview.
This information wilt then be input into the SAFE system to

The missions were divided into three categories typical of the EMS determine if a high risk mission would have been predicted. It is
industry: (1) hospital to hospital transfers, (2) pre-scouted sites, hoped ,hat this will strengthen and improve the SAFE system, as
and (3) unfamiliar scenes. The SAFE predictions were then well as highlight continuing problem areas in EMS operations.
correlated with the TLX ratings for each of the ti,.oe mission types.
These data are presented in Table 5. The starred correlation is 4.2 Current FATorts-Customized Knowledge-Base
significant at p < .05.

Currently, efforts are underway to develop a version of SAFE that
Table 5. SAFE predictions and TLX ratings correlaniol by will build a custcmized knowledgc-basc for each EMS operator.

mission type The system will start with the initial knowledge-base developed in
this study. After each mission, the pilot will answer a series of

Mission Correlation questions posed by SAFE. These will include ratings of workload
Hospital-Hospital Transfer 0.55' and risk to refine the predictions of the system for this operator, but
Pick-up at Pre-scouted Site 0.18 will also include specific queries about the route of the mission, any
Pick-up at Unfamiliar Scene -10.37 new wires, towers, or other man-made objects that were observed.

etc. A knowledge-base will be developed that is adapted to and
4. DISCUSSION tailored for that operation and area, For example, SAFE will base

predictions upon specific sites ( not just site missions in general ); it
An examination of the correlation matrix presented in table 4, can take into account who the pilot is, and the last time they took a

suggests that SAFE predictions bore very little resemblance to the mission in this area, and update the pilot on any problems
ratings of either risk or workload. However, as Table 5 shows, when encountered in that area. The proposal for this version of SAFE is
the data are analyzed by mission type. SAFE scores correlate a finalist for the American Technology Initiative Program which
significantly with mission workload scores for hospital-to-hospital sponsors joint research between NASA and private companies. If
transfers. This difference in mission type will be addressed later, selected, this would accelerate the completion of this version of
The risk assessments given by the pilots, however, continued to be SAFE. A field test of this system is planned at one or more EMS
unrelated to SAFE predictions. operators.

Obtaining ratings of risk from the pilots proved to be difficult.
Whether this is due to the existing climate of negative publicity or if 4.3 Current Efforts-General Aviatioa
the term *risk' was a poor choice of words is not clear. However.
(he pilots made comments such as, "There is no risk, otherwise I Discussions are underway with the Federal Aviation
wouldn't take the flight', clearly casting doubt on the utility of the Administration (FAA) and the Center for Applied Human Factors
measure. 1 he pilots seemed much more comfortable discussing in Aviation (CAHFA) to develop a risk assessment system such as
workload. They seemed willing to accept that all missions had at SAFE for general aviation. One suggestion is -nat the system might
least some degree of workload, and were willing to provide a range include a computer link to automatized weather services, such as the
if ratings from high to low. The data analysis also pointed to the Direct User Access Terminal (DUAT). In addition, it might be

workload ratings as the most us, ul measure for testing the SAFE tailored for each pilot, (e.g., each pilot would input a disk to the
predictions. In addition, this method of assessing the difficulty of system that contains current hours, ratings. etc, a sort of an
missions, and the impact of task requirements has been well electronic log book) based upon this information, in conjunction
established in many other applications and environments, with the weather, and route information, the system will be able to

give the pilot a clearer picture of the risks and issues involved in
It is not surprising that the ability of SAFE to predict workload undertaking the proposed flight. The development of this system is

was ordered by mission type. On a hospital-o-hoapital transfer, the still in the planning stages.
pilot knows exactly where he L% going, there is a landing pad, the
ground personnel are trained for patient ingress and egress to the
helicopter, and there are fewer surprises than in other mission CONCLUSION
types. In contrast, a pre-scouted site may have become overgrown,
not been used in a while, or ground personnel may not be trained in Human error is the largest single cause of aviation incidents and
helicopter operations. Further, with unfamiliar scene operations, accidents. These types of risk assessment systems, then, represent
there are a several unknown factors: (1) The pilot has never been an attempt to address that problem. By incorporating various data
to this exact scene, (2) It may he difficult to find; naxigation aids sources and taking advantage of the availability of personal
will get the pilot to the general area, but the specific scene may he computers, these systems promise to be an important aid to
elusive. (3) Ground personnel may or may not be trained in aviation safety.
helicopter operations. Thus, the predictability of these missions
decreases as does SAFE's ability to predict risk profiles. SAFE does
incorporate these factors into its computation, but only as they are References
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SUMMARY related professional d!isciplines. When the
An overview is given over the present situ- Aerospace Medical Panel announced its pre-
ation in -i-craft fire safety as it can be sent meeting on Aircraft Accidents, PEP
derived from the 73rd AGARD-PEP-Meeting de- solicited to present some thoughts and re-
voted to this subject in 1989. It is cha- sults on the correlations between engineer-
racterised by increasing interaction bet- ing aspects on one hand, and medical and
ween engineering and medical/behavioural behaviouristic problems of fire-related ac-
aspects. A scenario for aircraft cabin cidents on the other hand, as they evolved
fires .s first developped showing that sur- from the 1989-PEP-Meeting on Aircraft Fire
vival times both from the technical and me- Safety.
dical point of view are of the same order
of magnitude. Although fire-hardening has Nearly three years have elapsed since the
contributed much to increased survival above mentioned PEP-Meeting was held, and
times the prospects for further progress surely, related research and development
from this side diminish. Improvements are work went on in the mean time. However,
expected from improved conditions for emer- the basic situation in aircraft fire safe-
gency evacuations and from occupant pro- ty changes only slowly; hence, one can as-
tection systems. Modelling studies both on sume that the principal findings and les-
engineering and medical problems are in- sons to be learnt from that meeting are
creasingly applied to fire-related problems, still valid. The present paper tries to
The use of water spray systems and smoke give a summarising overview over the in-
hoods are discussed in the paper as well as terdisciplinary correlations between the
studies on passenger behaviour during eva- various aspects of fire-related accidents,
cuations. The combination of medical, be- as they can be derived from the last PEP-
havioural and engineering expertise ýan be Meeting on Aircraft Fire Safety.
used to promote and optimise passenger pro-
tection in fire-related aircraft accidents. 2. RECENT DEVELOPMENTS IN AIRCRAFT FIRE

SAFETY
1. INTRODUCTION Work towards improved flight safety inclu-
Aircraft accidents involving the develop- des work towards improved survival chances
ment of -sometimes- catastrophic fires can- of passengers and crew in fire-related air-
not be completely eliminated from aircraft craft accidents. The guidelines for such
operations. Therefore, it is the duty of work are derived from accident evaluations
the aerospace engineering community to from experimental investigations into situ-
take all preventive measures in order to ations during fire on board of aircraft,
minimise the consequences of such accid- such as full-scale cabin fire tests, as
ents, This is a truely interdisciplinary well as from increased use of 'heoretical
task insofir as besides the classical modelling of the various aspects of fire-
fields of aircraft and aero engine design related accidents. Particularly, the thor-
and operation- it does involve also aero- ough evaluation of such accidents is direc-
medical and psychological effects of human ted mainly towards finding-out what safety
beings which are by fate thrown into such deficiencies exist in aviation (2), and
accidents all of the three above mentioned sources

of information are then used to try to
AGARD's Propulsion and Energetics Panel is eliminate or at least to reduce those sa-
looking after the implications and conse- fety deficiencies.
quences of aircraft fire safety since ma-
ny years One of its former working groups Statistical iccident evaluations have
devoted to that subject, profitted a great shown that the probability for accidents
deal from participation of members of the to occur has diminished considerably in
Aerospace Medical Panel. In 1989, the 73rd the past decades of aviation; however, the
PEP-Meeting (I) was held on Aircraft Fire percentage of persons killed in fire-rela-
Safety, for which the present author serv- ted accidents h3s remained fairly constant,
ed as the Programme Committee Chairman, at about 15 to 16 % over the past 30
More than 1/3 of that meeting was devoted years (3). Other informaton states about
to lectures on questions of survival times, 23 % for that rate (4). These figures show
passenger behaviour in emergency situati- that, on one hand, fire is still a major
ons, crew training, as well as to passeng- threat to life in aircraft accidents. On
er breathing equipment. These subjects the other hand, careful comparisons of the
have of course strong medical and behavi- specific conditions of the individual ac-
ourislic interrelationships to the techni- cidents lead to the conclusion, that there
cal aspects of fire-related aircraft acci- is still additional margin for the improve-
dents Therefore, very lively discussions ment of survival chances.
and exchange of opinions developped among
the meeting participants representing the
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During the last decade a large number ot tration of a noxious substance and expos-
full-scale cabin fire tests have been car- ure time and its effective lethal dose.
ried out in the US (5), in the UK (6) and Medical test data on lethal doses as well
in Germany (7), using fully-equipped air- as post-crash fire test data on the time
craft fuselage sections or mock-ups in or- history of the concentrations Lave been
der to study the development of environ- used to establish the model. The main re-
mental conditions in cabin fires, particu- sults are that in the first two minutes
larly their time history. Together with severe irritations of eyes and respirato-
accident evaluations, the results of these ry tracts caused by HCl and HF would im-
experiments allow to derive a general fire pede the escape of persons. After the sec-
scenario on which to base future efforts ond minute interactions are strong enough
for improvement of survival chances. Of to inhibit or prevent an escape. After the
course, there are differences between in- third minute incapacitations due to skin
flight cabin fires and post-crash cabin burns, loss of consciousness or visual ob-
fires; however, once an open fire is ini- scuration is very likely to happen. This
tiated in an aircraft cabin the path of marks the end of the survival time in the
its development is very similar for these fire scenario from the medical point of
two general categories of fire-related ac- view.
cidents.

A third branch of the fire scenario rela-
3. FIRE SCENARIO AND SURVIVAL TIMES tes the chances for a successful emergency
The fire scenario is illustrated by fig. . evacuation of the occupants to their beha-
It consists of three branches, the left- viour under severe threat to their lives.
hand branch of which is of a pure techni- Evidonce from aircraft accidents, as well
cal nature. After the initiation of an as from building fires and earthquakes
open fire within the aircraft cabin, heat, show that in such situations people react
smoke and toxic gases are produced. The very frightened and competitive in order
latter is due to pyrolysis reactions in to survive. This makes an orderly evacuat-
the burning material. Smoke and toxic ion of all passengers very difficult, par-
gases consist of soot and partially burnt ticularly in an environment of nearly zero
hydrocarbons, carbon monoxide, CO, hydro- visibility and where there.are many obsta-
chloric acid, HCI, fluorine and cyanide cles, like seats, bulkheads or scattered
compounds, such as HF and HCN, acrolein, hand-baggage. Therefore the chances for
etc., depending on the nature of the burn- evacuation are severely impaired.
ing material. At first, the rise of temper-
ature and CO-concentration is rather slow, In recent years tests have been initiated
as can be seen from fig. 2, which is taken in the UK in order to study the behaviour-
from the DFVLR full-scale test (7). On the al aspects of people during emergency eva-
other hand, the HCl-concentration is devel- cuations. In one of the test series (10) a
opping rather fast already during the sec- competitive element by incentive payments
ond minute of the test. At the same time, has been introduced, whereas by another
visibility degrades very rapidly, reaching test series the use of passenger breath-
light transmission values of about 20 to ing equipment was studied under visibility
30 % at 1.1 m above the floor towards the conditions which were reduced by smoke(t1).
end of the second minute (fig. 3). Within The development of such test methods is
the third minute the so-called flash-over still at the beginning, and one can expect
occurs, a phenomenon which is characteris- that they will yield additional informat-
ed by a very rapid rise of temperature and ion for the improvement of survival chan-
toxic gas concentiations to levels which ces in fire-related aircraft accidents.
can no longer be sustained by human beings.
Marking the end of the survival time from The facts described above and put together
the technical point of view, flash-over is in the fire scenario, fig.I, allow the
mainly caused by the fact that the temper- following conclusions:
ature of the cabin interior materials has
risen to a value which allows a rapid pro- - Although specific conditions can have
pagation of the fire through, it the whole great influence on the situation in air-
cabin (8) craft cabin fires the basic scenario is

very similar; this fixes the ultimate
In the case of post-crash external fires survival chances of occupants.
some differences exist with respect to the
time history of the environmental conditi- - The available survival times both from
ons in th. cabin, depending on the specific the technical and the medical point of
circumstances of the crash. There may be view are not too different; in cabin fi-
eases where some more time is available res they are limited in the order of
until burn-through or the fuselage occurs 2 - 3 minutes.
and the fire enters the cabin. However, ex-
ternal fires can considerably threaten or During this time conditions in the 2abin
even prevent a safe evacuation or the oc- worsen rapidly and continuously due to
cupants decreasing visibility and increasing ef-

fects of heat and toxic gases.
Parallel to these engineering aspects of
the fire scenario survival modelling stu- The competitive behaviour of people in
dies have been carried out on the time to highly stress-loaded situations makes an
incapacitation due to the adverse environ- orderly evacuation under adverse spatial
mental conditions in cabin fires. D.A.Pur- conditions very difficult.
ser has developped a mathematicel model
for the estimation of hazards due to the A real increase of survival chances can
exposure to toxic and irritant gases, smo- only be arý,ieved by interdisciplinary ef
ke and heat (9) The model is based on the forts in which the engineering experts and
comparison between the product of the con- the medical., sychological experts combine
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their knowledge. with respect to their fire-related produc-
tion of smoke and noxious gases yielding

4. POSSIBLE WAYS FOR INCREASED SURVIVAL additional information for the selection
CHANCES of the most suitable cabin materials.

The directions for work towards enhanced
survival chances can be derived from However, at the 73rd PEP-Meeting it was
fig. 1. Particularly, the 73rd PEP-Meet- also stated that the potential for further
ing on Aircraft Fire Safety has emphasised progress in fire-resistant light weight
the following routes which involve also materials seems to be nearly exhausted
medical and behavioural efforts (fig. 4): (15). Therefore, besides an eventual use

of more metallic materials, future improve-
- Increase of survival times by better ma- ments for increase of survival times should

terials and design (fire hardening), be more expected from systems for active
and passive occupant protection during

- Introduction of passenger protection sy- emergency evacuations.
stems during emergency evacuations.

4.2. INCREASE OF SURVIVAL CHANCZS BY OC-
- Improved spatial conditions for emergen- CUPANT PROTECTION SYSTEMS

cy evacuations by suitable cabin inter- Hopes for the improvement of survival chan-
ior design. ces centre presently aroind the use of wa-

ter spray systems, reversed venting systems
Some prospects for future work into these as well as on the use of smoke hoods which
directions will be discussed in the fol- will be discussed in the following para-
lowing as well as related questions, plac- graph. The first two ideas are intended to
ing emphasis with the correlations between generate a passive protection by improving
engineering and medical/behavioural asp- the environmental condition in the cabin.
ects,

Water spray systems for aircraft cabins
4.1. INCREASED SURVIVAL TIMES BY BETTER have already been developped and investi-

MATERIALS AND DESIGN gated in actual tests with external fir
Promoted particularly by the US Federal (16). Fitted to the cabin interior they
Aviation Agency new materials have been de- have proved their capability to delay the
velopped which show improved fire resist- burn-through of fuselages in external
ance. Here, materials for fire-blocking fires, to cool down burning and smoulder-
layers of seat cushions and other upholst- ing interior materials and hence to slow
ery are to be mentioned which can delay down the production of heat, smoke and to-
the propagation of flames and exhibit low- xic gases. Moreover they can help to clean
er weight loss during the combustion. Their the cabin atmosphere from such substances.
use is now mandatory after the issue of Particularly the latter achievement could
corresponding rules by the FAA. Also new increase the time to incapacitation as well
materials which show lower heat release as facilitate emergency evacuations by im-
rates are now available for side wall and proved visibility. The tests carried under
ceiling panels in aircraft cabins. Previ- external fire conditions with a narrow-
ous tests had shown that the time to flash- body aircraft fuselage so far have shown
over depended mainly on the rate of heat that there is a good potential to delay
release of the burning panels. It was also a burn-through and the builA-up af a nox-
found that small changes in heat release ious atmosphere inside the cabin by times
can result in comparatively large delays ranging up to several minutes (16), if
of flash-over. Consequently, the selection there is enough spray water available.
of materials for interior panels is now
based on heat release properties. After However, more research and development
intensive testing materials have been work is needed in order to optimise the
found, particularly based on phenolic res- design, installation and use of sucY sy-
ins and fibre glass. which can delay the stems. This includes also its appli ation
flash-zver by about 1 - 2 minutes as com- to wide-body aircraft. Parallel tr these
pared to earlier materials. Whether this aspects, also medical and environmental
delay can be completely turned into pro- questions have to be addre63;o, such as
longated survival times in practice depends the effect on the occupants of the aspi-
on the specific condition of the fire. Si- ration of a mixture of water spray drop-
milar efforts are now going on with respect lets, dissolved toxic gases and smoke
to cargo bay materials and for improved particles or the effect of additives,
insulation of aircraft cabins in exuernal which are needed for the increased ab-
fires (Refs.12, 13, 14). sorption of carbon monoxide or for low-

ering the freezing point of the spray
Regulations which limit the production of water in its on-board tank. Finally,
smoke and toxic gases during materials fire mathematical modelling has to be applied
tests have not yet been issued. However, to assess the effectiveness of water spray
it may be assumed that materials with chan- systems both from the tech-ical and medi-
ged chemical composition may also produce cal point of view.
different amounts of noxious substances.
In thei7 work towards improved cabin mate- Considering the large number of open quest-
rials industry of course measures toxic ions it seems to be that water spray syst-
gas concentrations and their composition ems would be only a long-term solution,
(14), However, the results of such measure- particularly, as their on-board installat-
ments should be made available on a much ion would be ecenomic only for new aircraft.
wider scale than up to now in order to use It has also to be recognised that improved
them in medical modelling studies for the fire safety by an on-board water supply
time to incapacitation Thus, the applica- can o; ýy be obtained by a reduction in pay-
tion of models like that of D. A. Purser (9) load.
could help to assess different materials
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Another possible approach to cabin protect- different conditions, clear air and smoke,
ion in fire-related accidents was observed with and without smoke hoods, were investi-
when modelling aerodynamic conditions in gated using usual seating arrangement in a
cauin fires (17). It was found that revers- narrow-body fuselage. White theatrical
ing the airflow direction in the venting smoke, accepted by the Medical Ethics Com-
system of the aircraft had a beneficial ef- mittee, was introduced as an element of
fect on the temperature distribution inside stress. Besides evacuation time strongly
the cabin. Reversed does mean here that depending on the location of the seats
fresh air is injected from the cabin floor within the cabin, it was found that the
and hot gases are extracted by the ceiling presence of smoke as well as the donning
vents. Additional modelling work was in- and wearing smoke hoods both prolonged the
tended in order to include combustion and evacuation time. The combined effect was
heat effects into the study, which was pu- however less than the sum of the individu-
rely aerodynamic, hitherto (17). Further al time increments in the two former cases.
investigations must show whether this is A further observation which seems to be sig-
actually a viable contribution to increase nificant was that in the case of wearing
the survival chances, smoke hoods the evacuation took place in

a more orderly fashion than without smoke
4.3. IMPROVEMENT OF CONDITIONS FOR SUCCESS- hoods. It was therefore concluded that the

FUL EMERGENCY EVACUATIONS smoke hoods apparently generated a feeling
The chances for survival by emergency evacu- of being protected to some extent.
ations depend to a large degree on the geo-
metrical and spatial boundary conditions of Tests of the k nd described above warrant
the cabin, on the information and the over- further exploration of these subjects in
view which the crew has on the specific fire which also the aerospace medical community
situation, as well as on the behaviour of should be very interested. Particularly,
the pa3sengers in a highly stress-loaded the case of wearing smoke hoods during em-
situation, facts which are partly interre- ergency evacuations is still open and sure-
lated Accident investigations showed that ly needs further clarification. Other
the flight crew often lacks vital informat- questions to be addressed concerning these
ion on the fire situation inside or outside tests are, what are suitable metnods for
the aircraft e.g. in post-crash fires, making test conditions more realistic and
which might lead to wrong decisions. Improv- how far can one go into that direction
ed crew training can only partly contribute without violating ethic laws.
to solve such problems. This training should
include also information on human factors, 5. CONCLUSIONS AND RECOMMENDATIONS
like passenger behaviour in emergency situ- The evaluation of AGARD-PEP's 73rd Meeting
ations. Other problem areas which need input on Aircraft Fire Safety shows that further
from behavioural experts are, for example, progress towards improved survival chances
how to communicate the right instructions to of occupants in fire-related accidents de-
the occupants in chaotic situations or how mands for activities in which medical and
to identify emergency exits under reduced behavioural questions gain increasing im-
visibility conditions. Particularly, studies portance. This concerns the development of
on passenger behaviour in such situations possibilities for active and passive pro-
can help to identify possibilities for the tection of aircraft occupants as well as
improvement of evacuations. Here again, the the improvements of conditions for their
UK was a forerunner in carrying out tests successful egress from aircraft on fire.
to study the effects o. passenger behaviour The tasks of medical and behavioural ex-
on flow rates during emergency evacuations. perts involved in such activities are to

investigate the effectiveness and compati-
Two specific aspects have been studied, bility of new technical solutions to the
namely different geometric constraints of mentioned problems with respect to the con-
the escape way (10), and the use of breath- sequences for the occupants as well as to
ing equipment, i.e. smoke hoods (11). The participate in efforts to generate more re-
first mentioned study at Cranfield invest- alistic testing methods.
igated the effect of different arrangements
of cabin furniture, i.e. varying seating It is therefore desirable that the former-
pitch and galley width, on evacuation time ly well-established cooperation of the
from a fully equipped aircraft fuselage, Aerospace Medical Panel and the Propulsion
introducing an element of competition bet- and Energetics Panel in aircraft fire safe-
ween the test persons by incentive pay- ty is continued by setting-up a new Inter-
ments. These tests showed that actually Panel Working Group, the tasks of which
similarities existed with respect to real should be :
emergency situations insofar as heavy - to assess the survival chances from fire-
blockage of escape ways and around exits related aircraft accidents, considering
could be observed. However, larger variat- recent progress in fire-hardening, occu-
ions of behaviour from trial to trial were pant protection systems, managcment of
also found resulting in corresponding vari- fire situations, including emergency
ations of evacuation times. It was conclu- evacuations, fire fighting techniques,
ded that more tests are needed in order to and modelling of fire situations with re-
achieve statistically reliable results. syect to survival chances, and
Likewise, the test conditions should be re- - to identify needs for further research
vised introducing further elements of and development work towards improved
stress, for example by using smoke, fire sifety in aviation.

The second study at the CAA Fire School 6. REFERENCES
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RESUME INTRODUCTION

Lors d' incendies A bord des D'apr~s les donn~es de la Federal
at-ronefs, l'intoxlcatlon par les produits Aviation Administration (1), 74 accidents
de thermolyse des mat~riaux utilis~s avec feu A bord se sont produits dans
dans l'amt-nagernent de la cabine Ilaviation commerciale entre 1966 et
repr~sente un risque majeur. Pour 1988, faisant, parmi les 8623 passagers
6valuer le risque toxique lors ou membres d'6quipage, 2688 victimes.
d incendies en vol, 11 est n~cessaire de Parmi ces accidents, au momns 17 ont
prendre en compte non seulement la 6t( A l'origine d'un total d'environ
ventilation mais aussi la pression de la 1000 d-c~s directement lift au feu.
cabine, qul peut varier entre 1000 et Cela reprbseate un pourcentage
750, voire 700 hPa. Un modtle feu extremement faible au regard de
original a (AL mis au point, permnettant l'ensemble des vols effectufs durant
d'Lstudier, dans des conditions de cette p~riode ; le risque ne peut etre
ventilation representatives de celles cependant n~glig6 6tant donn~e
d'un a~ronef, l'influence de la pression 1'extr~me gravitL& d'un feu dans une
sur la thermolyse de divers mat~siaux. enceinte confin~e dont ii est difficile
La thermolyse a LsL envisag~e sur le de s' ~chapper rapidement. L'exainen plus
plan physicochimique et toxicologique, la approfondi des causes de d~sc~s par le
souris 6tant choisie comme mod~le feu montre que, dans la grande majoritt-
animal. L'66tude a montr~s que le risque des cas, les passagers ont p~ri A la
toxique varne consid~rablement en suite de 1' inhalation de gaz et fum~es
fonction du matL~riau consldWr. Par toxiques. Aussi de nombreuses 6tudes
ailleurs, dans ces conditions ont-elles &6 entreprises dans le but de
exp~rimentales, la baisse de pression s~lectionner les mat~riaux utilis~s dans
baromtnrtnque de 1000 A 700 hPa a peu I'am~nagement des cabines d'avion et
modifiLs les caract~ristiques physico- de mettre en place ou d'amt-liorer les
chimiques de la thermolyse de la plupart d~tecteurs de feu, les; extincteurs et les
des mattriaux 6tudifs. En revanche cagoules antifum~es.
cette baisse de presslon a engendr6 le
plus souvent une augmentation tres Pour ce qui concerne les
significative de la. toxicitd du melange mattriaux, 11 existe actuellement des
gazeux g~&6 dans lequel le monoxyde normes; internationales (FAR 25)
de carbone et/ou 1'acide cyanhydrique concernant la tenue au feu, c'est A dire
ont une part pr~pond6rante. la vitesse de propagation des flainmes

au sein du matfrlau, ainsi que la
densltL& des fum~es 6mises. Ces normes
ont Lst r~cemment comp1~t~es par un
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additif imposant 1'utilisation de tissus vol comm~ercial peut atteindre 8000 ft,
*barri~re feu pour protL~ger les coussins ce qui correspond A une pression de 750

en mousse des sifges (FAR 25.853b hPa (FAR 25.841). De plus, dans
et c). Maiheureusement, 11 n'existe certalnes procedures op~rationne11es
actuellement pas de normes mises en oeuvre en cas d'incendle,
internationales concernant la toxicitL% laltitude cabine peut Lstre amenite A
des gaz llb)6r~s, blen que ce crlt~re soit 10000 ft, ce qul correspond A une
fondamental. En effet de nombreux pression de 700 hPa, pour permettre une
mat~riaux d~gagent des gaz tr~s ouverture rapide des portes apr~s
toxiques, c 'est le cas en particuller de 6quilibrage des pressions A 1 'int~rieur et
certains matL~riaux ignlfugL~s. L' id4§al A I' ext~rieur de 1'avion.
serait donc d'6tablir un indice combin6
de risque qul prendralt en compte tenue C'est pourquol le Laboratoire de
au feu, densitL& des fum~ses et toxlcitL& Mdecine AMrospatiale, A la demande de
des gaz Lsmis. La difficultL& reside la Direction des Recherches, Etudes et
actuellement dans le cholx d'un modL~le Techniques, a mis au point un modele
feu de laboratoire aussi r~allste que feu (3) qui perinet
possible; en effet la thermolyse d'un
mat~riau et le d~gagement gazeux - d'une part une 6tude physicochimique
dependent en particulier des g~om~tries des prodults de d~gradation thermique,
de la charmbre de combustion et de en altitude, de mat~sriaux utilisks dans
I't-chantillon ainsi que de l'apport I'am~nagement des cabines d'avion
d'oxygL~ne. Par ailleurs le choix du
mod~ble feu daspend de la situation A - d'autre part I'L~tude de leur toxicit6
reproduire. Ainsi, dans plusleurs pays, sur 1'animal, la souris, lorsqu'ius sont
les recherches ont essentiellement portL& inhales en altitude.
sur les risques lies aux incendies apres
crash, ceux-ci 6tant les plus frequents. PRESENTATION DE L 'EXPERIMENTATION
En revanche, en France, les recherches
se sont orient~es vers I'6tude des 1. MWthodologle
incendles en vol, qui, quoique rares (4
accidents de 1966 A 1988), peuvent 1.1. Matfrlel exp&rImental
W'averer particulit'rement drainatiques.
L'accident du Boeing 707 de la Le modL~Ie feu comporte une
compagnie yanig A Saulx les Chartreux, chambre de decomposition thermique,
le 11 Julilet 1973, en est une triste une chambre d'exposition des animaux
Illustration. L'avion, en provenance de et une pompe (photographie n01).
Rio de Janeiro, signala A la tour d'Orly,
dpr~s un vol sans Incident, un feu A Chacune des chambres est un
bord. Ne pouvant rejoindre la piste, ii cylindre en acier inoxydable de 96 din3

fit un atterrissage d'urgence de volume -,'ouvrant A 1'une de ses
*parfaitement rL~ussi A 5 km. Pourtant extrL~mlt~s par un couvercie, les deux

122 parml les 134 occupants de l'avion cylindres communiquant entre eux par
avalent succomb6 A l'inhalation des gaz un tube spIraI6 de trois m~tres de long
toxiques libe6r~s lors de la therinolyse servant d'6changeur therinique. La
des mat~riaux plastiques d'am~nagement chambre de decomposition therinique est
de la cabine. munie d'un dispositif d'entr~e d'air qui

permet de r~gler la pression A
Dans le cadre des eftudes 1' int~rieur des caissons. La chaxnbre

d' incendies en vol, deux param~tres sont d' exposition des aniinaux est reli~e A
essentiels, ii s'agit de la ventilation et une pompe qul assure depression et
de la pression de la cabine. Le premier ventilation.
paraxn~tre a ft pris en compte dans de

*nombreuses experimentations (2), en La chambre de d~composition
revanche le deuxlfme ne sembie pas thermique comporte le porte-L~chantll~on
avoir W consid~r6. Or l'altitude cabine constitu6 d'un support m~ta11ique sur
d'un avion en conditions normales de lequel repose une nacelle en quartz
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dans; laquelle est plac6 l'~hant11lon A ki expos~es au gaz toxique durant 20
tester. Le module de chauffage est minutes.
constitu6 de trols Lsmetteurs infrarouge
de 1000 W chacun piac~s de part et A chaque niveau de pression, trois
d' autre du porte-6chantiilon (photo- parametres biologiques ont 6tL mesur~s:
graphie n0 2). La chambre d' exposition les temps d' incapacitation, la
des animaux est 6quipoe de quatre concentration 164tale 50 (Cl 50) et Les
cages recevant chacune un animal et taux de carboxyh~moglobine.
intL~gr~es dans un systL~me de mesure
d'incapacitatlon fond6 sur I'activitL6 L'incapacitation est un param~tre
d'exploration spontan~e des animaux essentiel en toxlcologle (4) puisqu'eIle
(photographie n*3). entraine 1 'lmpossibilit6 de fuir, sans

aide extdrleure, une ambiance toxique.
Le mat~siel de mesure est Deux temps ont W daterminfs, un

constitu~s d'analyseurs de gaz et de premier temps d'incapacltation
capteurs permettant le suivi des correspondant A la reduction de
param~tres physiques essentiels I'activit6 motrice spontan~e et un temps
(tempe&rature, debit, pression). Les d'incapacitation totale correspondant A
oxydes de carbone et d'azote sont dosts l'immobilisation comp1~te.
en continu, par analyseurs infrarouge
pour le monoxyde et le dioxyde de La Ci 50, exprimee en ppm (parties
carbone, par analyseur fonctionnant sur par million) et en mg/rn3 et d~termin~e
le principe de la, chimi-luminescence sur des lots de 4 souris; expos~es,
pour le monoxyde et le dioxyde d'azote. correspond A la concentration en
Les autres gaz sont dosts par tubes monoxyde de carbone entrainant la mort
Drafter. de ia, molti6 des animaux exposes durant

une p~riode de 20 minutes. Elie a 60
1.2. Protocole 6vaiu(!e par la m~thode des probits.

L'6tude a porte5 dans un premier Par ailleurs des 6chantiilons
temps sur la toxlcit6 du monoxyde de sanguins ont Ws recuelillis sur les souris
carbone, gaz majeur dfgag6 lors des mortes, d~s le retrait des animaux de
incendies. Elie a portes par allieurs sur I'ambiance toxique et au plus 10
la thermolyse de divers mattirlaux minutes apri~s la, mort. Le pourcentage
utiiis~s dans I'amtnagement des cabines de carboxyhamoglobine a &6 6vaMu A
d'avion, A savoir le peuplier (ce partir du dosage du CO sanguin par
matt-riau, anclennement utilisk A bord chromatographie en phase gazeuse.
des avions et ne d~gageant en quantit6
importante que des oxydes de carbone, 1.2.2. Etude de la thermolyqe des
est consid~r6, comme r~f~rence), deux mat~rlaux
types de laine A et B, un tissu Imidex,
de la mousse polyurethane (SABLE) et Le choix des conditions de
un tlssu barril~re feu (HEXCEL-GENIN). ventilation et de pression dans le
Pour ie monoxyde de carbone et chacun modale feu a Ws motIv6 par la
des inattsrlaux test~s, les essais ont kAtA connalssance de ces paramstres dans les
effectu~s A deux niveaux de presslon, avions commerciaux, dans lesquels; le
1000 et 700 hPa. circuit de climatisation et de

pressurisation assure le renouvellement
1.2.1. Etude de la, toxicit6 du total de P'air de la cabine en environ

monoxyde de carbone (CO) 3.5 minutes et une pression cabine
pouvant varier entre 10300 et 700 hPa.

Apr~s Injection du monoxyde de
carbone dans la chambre de thermolyse, Les essals ont donc LH effectu~s
I'homog~n~lsation a LR r~ais~e en avec un dabit de ventilation de 55
environ 2 minutes grAce A une poinpe dm3 /mmn, en circuit ouvert, A des
assurant la ventilation en circuit fermL% presslons de 1000 et 700 hPa.
entre les deux chambres. Les souris ont
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Pour chaque niveau de presslon, il Ces r~sultats montrent que la, CI
a Lst r~alMs une mont~e progressive en 50 (mg/rn3) A 700 hPa, exprim~e sous
temperature Jusqu'A atteindre 7000C au forme de son pourcentage par rapport A
nlveau des resistances, suivie d' une la CI 50 A 1000 hPa, est de 54 ~
regulation A cette temperature,
l'ensemble de ces deux phases durant 15 Pour ce qui concerne les taux
minutes. Les resistances chauffantes ont 1~taux de carboxyh~moglobine, les
alors k~ d~branchaes, le processus de mesures ont ft r~alist-es, pour chaque
thermolyse 6tant cependant Lftudi§ sur pression, sur les pr~LLvements sanguins
une dur~e totale de 30 minutes. GrAce de 8 souris expos~es A des
A ce syst~me de chauffage, le porte concentrations voisines de la CI 50. La
Lschantillon, vide, est port6 A une moyenne de ces 8 dosages est de 83.3 %
temperature de 4200C en 8 minutes (s =10.9) A 1 000 hPa et de 82.1 %
environ. Ce proc~d6 de thermolyse (s = 8.8) A 700 hPa.
paralt mieux correspondre aux: conditions
r~elles d'un incendie que l'exposition 2.2. Etude de la thermolyse des
d'un mat~riau A une temperature mat6riaux
constante.

2.2.1. R16sultats de I'66tude
L'6tude analytique a comport6 analytique

I'Lfivaluation du pourcentage de perte de
poids de I'6chantillon, la mesure de la, Les modifications de pression W'ont
densit6 des fum~es et l'analyse des gaz. engendrt, pour la plupart des mat~riaux,

que des variations relativement faibles
L'Letude toxicologique, faite sur la au niveau de la perte de poids, de la

souris, a &6 abord~e par la mesure des densitL& des fum~es et du d~gagement
temps d' incapacitation et le calcul de gazeux des 6chantillons. Seule la
Ia concentration l~tale 50, c'est A dire thermolyse de la, lamne B s'est trouvL~e
la concentration en matL~riau entrainant tres significativement modifi~e par la
la mort de la, moiti~s des anirnaux. depression, si V'on consid~re l'ensemble
exposes aux: produits de degradation par des parambtres mesur~s, avec tin
thermolyse durant une pOriode de 30 pourcentage de perte de poids et un
minutes A partir du branchement des dagagement d'oxydes de carbone et
rtesistances. Le plus classiquement, la d'acide cyanhydrique notablement plus
concentration l~tale 50 est exprim~e en faibles. Nous noterons que le peuplier
poids de matL~riau engag6 rapportL& au d~gage essentiellement des oxydes de
volume d'air balayant l'enceinte de carbone tandis que les autres mat~riaux
thermolyse ; 11 nous est apparu a priori ftudifs d~gagent des oxydes; de carbone,
plus r~aliste de L'exprimer en poids de des oxydes d'azote et de l'acide
m~at~riau rapport6 au volume de cyanhydrique (Tableaux 2 et 3).
I'enceinte.

* Les quantit~ss de gaz toxiques (A
2. RL~sultats l'exclusion du dioxyde de carbone)

d~gag~es par la thermolyse d'
2. 1. Etude de la toxiclt6 du 6chantillons de 10 g, calcul~es pour

inonoxyde de carbone chaque matL~riau, sont pr~fsent~es dans
les tableaux 2 et 3, respectivement pour

Les concentrations l~tales 50 les pressions de 1000 hPa et 700 hPa.
exprim(~es en ppm et en mg/rn3 figurent Les r~sultats paraissent sous forme de
dans le tableau 1. leur moyenne et 6cart type pour le

monoxyde de carbone, les dosages ayant
CA effectufs, pour chaque mat~riau, sur

Tableau 1: concentrations W~ales 10 A 20 C-chantillons ; en revanche
50 du monoxyde de carbone l'analyse de l'acide cyanhydrique (HCN)

et des oxydes d'azote (NO et NOD) n'a
port6 que stir 1 A 2 6chantillons.
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Tableau 2 :R~sultats analytiques A considt-rablement d' un mat~riau A
1000 hPa (mat~sriaux) l'autre, que V'on consid~re les

param~tres analytiques ou les para-
metres toxicologiques. Ainsi, pour les
mat~riaux envisages, la, concentration

Tableau 3 :RL~sultats analytiques A l~tale 50 A 1 000 hPa varie de 614.4
700 hPa (matL~riaux) g/m3 pour le peuplier A 19.7 g/m3 pour

le tissu barri~re feu. 11 existe une
bonne correlation entre les r~sultats de
I analyse toxicologique et les r~sultats

2.2.2. Rt-sultats de l'6tude de I'Lstude analytique. En effet, si V'on
toxicologique consid~re les quantit~s moyennes de gaz

toxiques (monoxyde de carbone, acide
Les r~sultats obtenus sur les temps cyanhydrique, monoxyde d'azote), ainsi

d' incapacitation ne sont pas prtssent~s que les concentrations maximales
6tant donn6 que les variations observ~es rapport~es A 10 grammes de mat(!riau
en fonction du mat~rlau et du niveau de engagbs, on constate qu'elles sont en
pression sont relativement faibles pour relation avec 1'ordre de toxicit6
des 6chantillons correspondant croissante des rnat~niaux
sensiblement A la concentration W~ale
50. peuplier < mousse polyurethane < tissu

imidex < laine A < lamne B < tissu
En revanche les valeurs des barri~re feu).

concentrations W~ales 50 sont tres
variables et figurent dans le tableau 4 ; 2. Influence de la presslon sur Ia
elles sont exprim~es en quantit6 de thennolyse des mat&-iaux et Ia toxicit6
rnat~riau engagix rapport~e au volume de des gaz d~gag~s
la chambre de thermolyse

Si V'on exclut le cas de la laine B
pour laquelle les d~gagements de
monoxyde de carbone et d'acide

Tableau 4 :Concentrations lftales cyanhydrique semblent nettement
50 A 1000 et 700 hPa (mat~riaux) moindres lorsque la pression diminue, il

ressort de ces 6tudes que la diminution
de la pression. barom~trique de 1000 A
700 hPa, malgrL& la baisse importante de

Si V'on exprime la Cl 50 A 700 pression partielle en oxyg~ne qu'elle
hPa sous forme de son pourcentage par entraine, modifie peu la thermolyse des
rapport A la Cl 50 A 1000 hPa, les matt-riaux. Ceci s' explique a priori par
r~sultats pour chaque rnatt&riau sont les le fait que l'apport continti en oxygene,
suivants grAce A une ventilation pouss~e, est

suffisant pour que la depression ne soit
- peuplier :60 % pas un facteur limitant la thermolyse.
- mousse polyur~thane :60 % Mais ceci nWest naturellement vrai que
- tlssu Imidex :64 % dans nos conditions exp~rimentales
- laine A : 76 % particuli~res oid les poids maxixnaux
- laine B : 96 % d'Lschantl1ons engages n'exc~dent que
- tlssu barri~lre feu :68 % peu les poids d'~chantillons cor-

respondant A la Cl 50. Toutefols 11 ne
DISCUSSION fait gu~re de doute que, pour des

quantit~s tr~s Importantes de mat~rlau,
1. Comparalson des divers la depression deviendralt tin facteur

matbriaux limitant de la thermolyse pour des
valeurs usuel'es de la ventilation.

Cette 6tude montre que le
comportement au feui, pour tin niveati de D'un point de vue toxicologique,
pression donn6, petit varier pour tine infme quantlt6 de gaz toxiques
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dbgag~e, 1'exporimentation montre que, toxicitk& du monoxyde de carbone lorsque
pour clnq des mat~riaux 4ýtudl~s, la la pression barom~trique decrolt de 1000
depression majore considterablenient la A 700 hPa, la mort survenant pour des
toxicitL& sur i'animai. Cette influence de pourcentages en carboxyh~moglobine
la depression est 46gaiement observ~e comparables dans les deux cas.
avec le monoxyde de carbone pour
lequel La Cl 50 (mg/rn3 ), pour une Pour ce qul concerne l'acide
exposition de 20 minutes, est divls~e cyanhydrique, ii agit en se combinant A
par 2 environ lorsque la pression la cytochrome oxydase, empechant ou
barom~trique passe de 1000 A 700 hPa. limitant 1' utilisation par les tissus de
En ce qui concerne i'acide I'oxygL~ne transportL& par le sang, en
cyanhydrique, une etude effectu~se sur particulier au niveau du centre
la souris (5) montre que, pour un temps respiratoire. Exp~rimentalement, ii est
d'exposition de 30 minutes A pression demontr6 que la baisse de pression
atmosphLarique standard, la CL 50 est partielle en oxygdne dans L'air inspir4§
environ divis~e par deux lorsque la augmente Les effets, toxiques de 1'acide
pression partielle en oxyg~ne passe de cyanhydrique. D'apr~s certains auteurs
210 hPa A 138 hPa, ce qui correspond (7), cette augmentation de toxiciti§
aux pressions partielies en oxygene pour serait due A une affinitL6 accrue de
des pressions atmosph~riques de L'acide cyanhydrique pour la cytochrome
respectivement. 1000 et 660 hPa. oxydase.

L'Influence de 1'altitude sur la L'Influence de 1'hypoxfe sur la
toxicitL& du monoxyde de carbone et de toxlcit6 des autres gaz susceptibies de
l'acide cyanhydrique est coh~rente avec se degager lors d' incendies, en
le mode d'action toxique de ces deux particuller les oxydes d'azote et L'acide
gaz. En effet le monoxyde de carbone chiorhydrique, n'est pas connue. 11 est
se combine de fagon reversible A cependant permis de supposer que la
i'hL~moglobine, pour laquelle ii a une toxicitL& du monoxyde d'azote est
affinitL& tres sup~rieure A celle de 6galement infiuenc~e par 1 altitude,
l'oxygL~ne, et forme de la L~tant donnL6 que ce gaz a pour cible,
carboxyh~moglobine ; ii r~duit ainsi la comine le monoxyde de carbone,
quantit6 d'oxygL~ne transport~e par le l'hamogiobine. 1L provoque la formation
sang sous forme d'oxyhL&nogiobine et de m~thamoglobine non fonctionnelie.
iimite de plus la Illbration de l'oxygL~ne
au niveau des tissus en dAeplarant vers Les r(!sultats obtenus sur les gaz
la gauche la courbe de dissociation de purs perinettent d'interpr~ter les
1' h~moglobine. L' lntensitts de donn~es recueiiiies Lors de 1' etude des
1'intoxication est sensiblement fonction mat~riaux. Ceux-ci degagent du
du pourcentage de carboxyh~moglobine monoxyde de carbone et/ou des oxydes
formte. 11 est 6galement connu que le d'azote et de L'acide cyanhydrique. 1L
monoxyde de carbone gagne les est donc normal de constater que la
territoires extravasculaires. 11 semble toxicit6 de leurs produits de thermolyse
par ailleurs avoir un effet toxique est accrue lorsque la pression
direct sur les tissus en se liant A la barom~trique diminue, dans la mesure ofi
cytochrome oxydase (6). La baisse de leur thermolyse W'est pas modifi~e. it
pression barom~trique et par consequent faut cependant noter que, lors de la
la baisse de pression partielle en degradation thermique des mat(!riaux, les
oxygL~ne dans Vi'ar Inspire& entralne une concentrations en gaz toxiques 6tant
diminution de la presslon partielle trL~s variables en fonction du temps, les
art~rielle en oxygL~ne. Or le pourcentage conditions d' intoxication ne peuvent
de carboxyh~tmoglobine, d'ap rcs 6tre directement compar~es aux
I'Lfquation de Haldane, est proportionnel, conditions d'intoxication par des gaz
A 1'6quilibre, au rapport des pressions purs A concentrations constantes. Par
partielies art~rlelles en oxyg~ne et en ailleurs, cette degradation, s 'accom-
monoxyde de carbone. Ceci expiique au pagnant d'un degagement important de

* momns en partie i'augmentation de dloxyde de carbone, est A l'origine par
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elle-m~me d'une diminution de la significativement la thermolyse pour
pression partielle en oxyg~ne dans cinq des six mat~riaux 6tudi~s (peuplier,
I'amblance. mousse de polyurethane, tissu imIdex,

latne A, tissu barrlL~re feu). En
3. Toxiclt6 pour Ihomme revanche, pour ces clnq mat~riaux, la

baisse de pression a engendr~s une
Les effets toxiques des produits de augmentation tr~s significative de la

thermolyse 6tant mis en 6vidence sur toxicit4§ du melange de gaz toxiques
I'animal, 11 faut bien 6videmxnent dL~gag%6 lors de la thermolyse, melange
s 'interroger sur la possibilitL6 dans lequel le monoxyde de carbone
d'extrapoler ces r~sultats A 1'honune. La et/ou l'acide cyanhydrique ont une part
souris est considaree comme un bon pr~pond~rante. Le sixi~me mat~riau
modole pour les intoxications par vole (lamne B), qui n'a pas r~pondu comme le
respiratoire. D'apres les donn~es de la precedent, montre A quel point des
litt~rature (9,10), si V'on considare le mat~riaux apparermnent comparables,
monoxyde de carbone et I acide comine deux lamnes, peuvent avoir des
cyanhydrique, it semble que les comportements tr~s diff~rents.
concentrations l~stales chez l'homme,
pour des temps d' exposition de 30 Ces r~sultats montrent donc
minutes, ne soient pas extremement I' mnt~rilt de prendre en compte la
diff~rentes de celles observees chez ]a presslon dans 1' etude des risques
souris, I 'homine restant cependant moins engendr~s par un incendie en vol et
sensible au monoxyde de carbone et plus mettent 6galement en 66vidence combien
sensible A I'acide cyanhydrique. Ceci 11 est difficile de maitriser l'ensemble
s expliquerait en partie, pour le des param~tres intervenant, en situation
monoxyde de carbone, par le fait que r~elle, dans ces ph~bnomfnes.
les cln~tiques de 1' Intoxication sont tres
dif f~rentes, I'Lsquilibre, pour des REFERENCES
concentrations de l'ordre de 150 A 1100
ppm, 66tant probablement atteint en 1 - Smoke Hoods: Net safety
momns de 30 minutes chez la souris et benefit analysis, Report CAA, Paper
en environ 2 A 5 heures pour l'homme 87017, 1987.
(11, 12).

2 - JOUANY J.M., Evaluation de la
CONCLUS ION toxicit6 des produits de degradation

thermique des mat~riaux, GRE DRET
En conclusion, les 6tudes que nous 84.044, 1987.

avons menees ont permis une approche
des risques engendr~s, en cas d' incendie 3 - KERGUE LEN M., Aspects
A bord d'un avion, par la thermolyse de toxicologiques des incenclies A bord des
divers mat~riaux utilis~s dans a~ronefs. R61e de la pressurisation et de
l'am~nagement des cabines. la ventilation de la cabine, GRE

1162/DRET 87.1033, 1990.
Les avions 6tant soumis en vol A

des conditions normalist-es de ventilation 4 - JOUANY J.M, FAVAND M.,
et de pression, nous nous sonunes; Mthode d'L~valuation de Ia toxicitd des
attache~s A recr~ser, dans un mod~LNe feu produits de thermolyse de cabine
de laboratoire, les conditions de d'avion - Analyse des r~sultats, AGARD
ventilation et A 6tudier Vilnfluence de CP 467, 1989.
la pression sur les; phanomL~nes de
thermolyse et les risques toxiques. La 5 - ESPOSITO F.M., ALARIE Y.,
souris a &6 choisie comme mod~le Inhalation toxicity of carbon monoxyde
animal,. and hydrogen cyanide gases released

during the thermal decomposition of
Dans nos conditions exp~rimentales, polymers, J. of Fires Sciences, 6: 195-

la baisse de pression baroin~trique de 241, 1988.
1000 A 700 hPa n'a pas modiftO trbs



47-8

6 - BROWN S.D., PIANTODOSI C.,
In vivo binding of carbon monoxide to
cytochrome c oxidase in rat brain, J.
Appl. Physiol., 68 (2):604-610, 1990.

7 - ERECINSKA M., D.F. WILSON,
Inhibitors of mitochondrial function,
Oxford: Pergamon, 1981.

8 - MATIJACK-SCHAPER M.,
ALARIE Y., Toxicity of carbon
monoxyde, hydrogen cyanide and low
oxygen, J. Combustion Toxtcol., 9: 21-
59, 1981.

9 - STEWART R.D., PETERSEN
J.E., FISHER T.N., HOSKO M.J.,
BARETTA E.D., DODD H.C., HERRMAN
A.A., Experimental human exposure to
high concentrations of carbon monoxide,
Arch. Environ. Health, 26:1-7, 1973.

10 - KIMMERLE, GEORGE, Aspects
and methodology for the evaluation of
toxicological parameters during fire
exposure, Combustion Toxicology, 1: 4-
51, 1974.

11 - HALDANE J., The action of
carbonic oxide on man, J.Physiol., 18:
430-462, 1895.

12 - HATCH T.F., Carbon monoxide
uptake in relation to pulmonary
performance, Arch. Ind. Hyg. Occdp.
Med., 6: 1-8, 1952.

S.1

A



4-7-9

Tableau I concentrations litales 50 du monoxyde de carbone

Pression CL 50 CL 50
(hPa) (ppm) (mg/m 3 )

1000 5708 (s = 190) 6537 (s = 218)

700 4369 (s = 185) 3502 (s = 148)

Tableau 2 : Rtsultats analytiques A 1000 hPa (mat~riaux)

Mat~riau CO (g) HCN (mg) NO (mg) N02 (mg)

Peuplier 1 / / /
(s = 0.15)

Mousse PU 2.29 87 10 8.6
(s = 0.39)

Imidex 2.33 118 23 79
(s = 0.40)

Laine A 2.62 231 50 132
(s = 0.29)

Laino B 3.61 640 64 131
(s = 0.66)

Barri6re 5.23 855 92 116
feu (s = 0.93)



Tableau 3 : R~sultats analytiques A 700 hPa (mat~riaux)

Mat~riau CO (g) HCN (mg) NO (mg) N02 (mg)

Peuplier 1.02 / / /
(s = 0.18)

Mousse PU 2.62 72 13 5.1
(s = 0.81)

Imidex 1.78 86 19 54
(s = 0.20)

Laine A 1.87
(s = 0.14) - - -

Laine B 2.30
(s = 0.57) 280 54 180

Barri~re 4.17
feu (s = 0.38) 536 85 164

Tableau 4 Concentrations 1ltales 50 A 1000 et 700 hPa (mat6riaux)

Mat&riau CL 50 (g/m 3 ) CL ý5 (g/m?)
A 1000 hPa A 700 hPa

Peuplier 614.4 (s = 39.3) 370.6 (s = 8.4)

Mousse PU 133.6 (s = 2.1) 79.9 (s = 0.4)

Tissu imidex 95.7 (s = 4) 61.3 (s = 2.1)

Laine A 67.1 (s = 3.8) 51 ks = 2.9)

Laine B 25.1 (s = 0.1) 24 (s = 0.5)

Tissu barri~re feu 19.7 (s = 0.8) '1.4 (s = 0.3)
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TOXICOLOGICAL INVESTIGATIONS OF FLIGHT ACCIDENTS:
FINDINGS AND METHODS

G. Powitz
German Air Force Institute of Aviation Medicine,

Aviation Pathology Group
Post-office box 1264 KFL
D-8080 Fdrstenfeldbruck

Germany

SUMMARY an overloaded battery or may consist of
After accidents with fume in the cockpit a water vapor from the cockpit heating
characteristic profile of pyrolysis pro- system. However, it could also be oil
ducts is gaschromatographically often vapor or smoke generated by a burning
detectable in the blood. This profile we cable. The two latter defects manifest
have to distinguish from an inhalation of themselves by a characteristic profile in
fuel or from a fasting blood. The sensiti- the gas chromatogram.
vity was improved. If carbonyl compounds
are supposed in the biological materials, For analyses of this kind, we use columns
we identify them by the reaction with of 2 m x 1/4 inch with 15% Carbowax 1500
semicarbazide in the head space bottles of on Chromosorb W-NAW. The temperature of
the gaschromatograph. From about 5% CO-Hb, the oven ist 8ý" C, that of the injector
we determine photometrically the cyanide is 120" C and that of the FID is 150" C.
level. 42 ml of N5 /min are used as carrier gas.
After a fatal crash over the sea bromide-
concentrations were found in the examina- 2 ml of cooled blood or fluid pressed from
tion materials, which exceeded clearly tissue with 1 g of KýCOx or 2 ml of urine
the physiological area. All previous with 2 g of K.CO. are filled into cooled
results with essential longer immersion- head space flasks with a capacity of 20 ml
times in sea-water told against a each to serve as samples. However, changes
contingent uptake of bromide from the sea. in carbonyl compounds caused Ly the alka-
Experiments with animal and human lungs line medium must be reckoned with. 1 or
demonstrated, that we have to calculate 0.5 ml of gas phase of the sample which is
with such an enrichment in biological kept at a constant temperature of 60* C
naterials yet. with this knowledge, a are injected.
second pilot in an analogous case could be A gas chromatogram which would characte-
cleared from the suspicion of having rize the above mentioned defects must at
abused bromine containing sedatives, too. least contain 3 pronounced peaks or 4
In estinating the blood alcohol level of peaks of different heights in front of
one material from a corpse, we ascertained acetaldehyde, i.e. in front of n-hexane.
gaschromatographically distinct higher They denote low-molecular hydrocarbons
values than with the enzymatic method, which have developed as a result of pyro-
Further examinations showed that, caused lysis of organic material. For better
by bacterial putrefaction, an alcohol perceptibility Fig. 1 shows a spread
fnrmation occured durinq the sample chromatogram, the technique will be
preparation. Any alcohol concentrations in mentioned later.
the elder literature have to be regarded
under a new aspect after that. A chromatogram of this kind must be
In some investigations of dead pilots we distinguished from that of somebody who
identified hypnotics. In one case it has absorbed kerosine (Fig. 2) or who has
succeeded to determine the time of intake not had breakfast yet (Fig. 3) or from a
with the more unspecific thin-layer chromatogram which is impaired by
chromatography instead of mass spectro- impurities in the air of the laboratory
metry. According to that, the extraction (Fig. 4) or by transportation in vacuum
procedures became modified. The different syringes made of plastics.
used extractiun methods for the single
drug categories will be compared. Using the same injection, we determine

from a crew member's blood whether he was
under the influence of alcohol, or from

INTRODUCTION his blood or urine whether certain dia-
betic conditions were present. Putrefac-

The medical investigations of military or tion which could also lead to false
•,ývil flight accidents are not complete results in the testing of material is also
%it|iout chemicel-toxicological analyses as recognized using this method. However, the
a rule. Here examinations will be presen- mutual influence the different alcohols
ted, which caused variations in the scheme have on the respective retention times
of the chemical laboratory. The procedures must also be noted (Tab. 1).
therefore resulting will be compared with
the traditional ones. By means of a second injection taken from

the same sample flask, the range of
components with a higher boiling point is

The so-called expression "smoke in the examined at d column temperature of
cocfkpit" maý refer to a wide variety of 140" C.
processes - the fumes may originate from -I
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If a chromatogram seems to contain several hours approximately. The toxicological
substances with almost identical retention examinations did not indicate the presence
times, another sample is bottled, which, of drugs or any metabolites resulting from
however, is injected at an oven tempera- them.
ture of 70" C with 40 ml of N2 /m~n, while
the paper speed is slowed down by a factor The analysis was carried out under the
of 10. These conditions are generally following conditions (Tab. 3):
sufficient to achieve a differentiation
between similar peaks. In all earlier analyses following a fatal

crash on sea, the bromide concentrations
When Lhe message "smoke in the cockpit" is found had been normal. Here, only those
received, two more head space flasks are cases are listed in which the corpses had
immediately filled with 2 ml each of the been eŽ;posed to sea-water for a relatively
material to be tested. However, the salt long period of time and partly had suf-
that is added consists of sodium acetate fered severe damage (Tab. 4).
and in addition one flask contains semi-
carbazide in an amount that fits on the Later analyses yielded analogous results
tip cf a spatula. If in the first chroma- and are, thus, also shown here (Tab. 4a).
togram there are peaks which may belong to
extraordinary aldehydes or ketones, flasks This meant that only tests could provide
2 and 3 are used in order to identify information on whether absorption of
components of this kind. The increase in bromide from sea-water by parts of bodies
the pressure of the vapor which is caused is possible. For this purpose, the fresh
by sodium acetate is of course smaller lungs of pigs and later human lungs were
than the increase brought about by placed into sea-water.
potassium carbonate. Using this method, we
for example identified formaldehyde The table shows that bromide was absorbed
several times; we of course always in all cases (Tab. 5).
identified acetone and acetaldehyde but
rarely found methylethylketone. However, Parallel to that the amount of chloride
we very often noticed an increase in a Cs- increases, as is to be expected. (Tab. 6)
ketone, probably diethylketone, which has This means that we must reckon with the
biological reasons. Unfortunately we have possibility that corpses may absorb
no literature at our disposal which would quantities of bromide approximately up to
provide information on the way this the content present in the sea-water, no
compound develops, matter to what extent they have been

destroyed and largely irrespective of the
By means of a parallel analysis carbon- time they have been exposed to the water 2 .
monoxide-hemoglobin is identified photo-
metrically applying a "9 wave lengths These findings enabled us to invalidate
method". If as a result of "smoke in the the suspicion that the victim of another
cockpit", the carbon monoxide content crash had taken drugs containing bromine
exceeds certain given limits, the cyanide (Tab. 7). This dead too, was only
content is determined. We presently use destroyed moderately and had been exposed
the photometric method of Pranitis and to the water for approximately 4 hours.
Stolman'. Also in this case, the toxicological
A level of 3 % of CO-hemoglobin found in a analyses did not provide any indications
non-smoker who, after discovering the of the presnce of drugs or resulting
smoke, switched to 100% oxygen, definitely metabolites in the material tested.
exceeds this limit. In the case of a
smoker, the type of aircraft, the flying
time, the time of oxygen inhalation and In the case of another dead, who had been
the time that has elapsed since the inci- recovered from the sea after 7 days, we
dent occured must be taken into account, were surprised by the results of the blood
If the quantity of the cyanide found alcohol determination. In spite of
exceeds 0,4 ug/ml, investigations will be repeating the analysis we found 50% and
directed if a fire or a smoldering fire 175% more ethanol when employing the gas
had happened which might have affected chromatographic method as compared to the
polyamide-, poly-urethane- or polyimide- enzymatic method (Tab. 8). We found an
parts. explanation for these impossible results

when we detected that less alcohol was
If the determined values point to an indicated after the period of thermosta-
intoxication by carbon monoxide or to a tisation of the head space flasks had been
combined intoxication, the flight surgeon halved, but even higher ethanol concentra-
must be informed immediately as it may tions were indicated after this period had
become necessary to ground the person been doubled. In other words: Ethanol had
concerned. developed in the sample flasks during the

thermostatisation process. A microbiolo-
gical analysis showed that the material to

After a fatal flight accident on Sed, we be tested was contaminated by various
conducted an X-ray fluorescence analysis genera of enteric Bacteriaceae. In
and found the following bromide concen- contrast to the lungs, the spleen did not
trations in the materials tested (Tab. 2): smell of putrefaction.

We accept values up to about 1 mg % as These observdtions might be an explanation
normal, for several peculiarities in elder alcohol

determinations in which the volatile
The corpse was only moderately destroyed; substances had been distilled off under
the immersiontime in the sea amounted to 4 neutral conditions and at a reduced
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pressure. Decay processes of this kind are evident. In the case of hashish, the whole
in principle also conceivable after pieces process must be carried out in darkness,
of tissue have been weighed into head of course, and the individual analysis
space flasks. steps should be carried out in quick

succession, losing as little time in
between as possible. Under these condi-

Iii the cases of several analyses after tions the detection of cannabinol and
flight accidents we detected hypnotics of cannabidiol with their long half-live
the benzodiazepine family in the biolo- times by means of thin-layer chroma-
gical material. In spite of the fact Lhat tography is quite sufficient.
non-chlorinated solvents had been used for
the extractions, the metabolites, We identify cocaine using the mass
artefacts and parts of unchanged drug spectrometer, methylating its main
appeared in all 4 extracts, i.e. in the metabolite with the help of trimethyl-
acid extract and in the following alkaline aniliniumhydroxide according to the flash
one. After the following hydrolysis, parts heater method.
of these substances again appeared in the
acid extract and parts of them in the We use the same derivatisation method in
iubsequent alkaline extract. Detection order to detect biochemical changes. After
sensitivity may be considerably impaired the urine has been saturated with sodium
as a result of this fact. Since we made chloride, we use ether for acid extrac-
these observations, we have always exposed tion, followed by ethylacetate. As a
2 to 3 ml of urine or blood to direct result, the scope of substances that can
hydrolysis; we then only produce an be determined by mass selective detection
alkaline :xrtract and apply the entire ranges from hydroxy acids to neutral
residue to a thin-layer foil which we use substances.
for identification by means of the In this respect we expect a valuable help
Bratton-MaLhall reagent' or another by the new atomemission detector,
suitable reagent. In one case we even especially in identifying unknown metabo-
succeeded in identifying the metabolite lites.
hydruxyethylflurazeparn and its fission
product which are imp.,rtant to determine
the Line of ingestion. whereas the mass Let me state finally that our future work
spectrometer failed it spite of selected will include in a forced manner tasks of
ion monitoring as far as the standard the occupational medicine that occur in
extracts were concern d. the area of aviation.

Fur l1e extraction of pharmaceuticals and Also a great problem will give the
drugs of abuse we mo. •ly use XAD-2 detection of highly affective modern
columns. If only a screening from a urine drugs, that means used in doses of
is required, most fr ,>uently only an approximately 0,1 mg. We have to develop
alkaline elution is . ,nducted first. As a more sensitive extraction methods for this
result of this procezs, the important purpose and last not least, we need the
bdrbiLturates also gel into the extract in most sensitive analytical equipment.
the familiar way. Ho' ever, we use as a
rule dichloromethane *ith 5-. of i-propanol
and subsequently ethý Lacetate for elution.
It is to be noted th,.t the solvents are
not mixed.

REFERENCES:
If special acid compcunds are to be iden-
tified from blood, t e blood is first I. P.A.F. Pranitis, A. Stolman,
precipitated with an equal volume of "Spectrophotometric Determination of
acetonitrile. After entrifugation, the Cyanide in Biological Materials",
sup~rnat.int is put u a XAD-2 column for J.Forens.Sci. 22 (1977) 443-45
ac:id extraction. 2. G. Powitz, "Nachweis von Bromidauf-

nahme an Leichen aus Meerwasser',
beitr.ger. Med. L (1992) in press

Fortunately, we only receiv3 few requ-sts 3. A.C. Bratton, E.K. Marshall Jr., "A New
for the determi;,atior, of drugs of abuse Coupling Component for Sulfanilamid
and thus we can dffori to concentrate Determination", J.Biol.Ch,,m. (1939)
lirge quantities of u-ine by means of 537-50
freeze drying, slightly acid urine, self-
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Tab. 1 Retention times

single miscellanous
substances

Ethanol 2,26 2,15
Butanol-2 3,46 3,28
n-Propanol 3,85 3,58
i-Butanol 5,05 4,68
n-Butanol 7,00 6,48

Tab. 2 Case 8 M, bromide content

Fluid from pressed lung 1,57 mg%

Stomach content 1,95 mg%

Tab. ,' X.Ray Fluorescence Conditions

Spectrometer PW 1410 (Philips)
Molybdenum tube
60 kV
25 mA
LiF-crystal
scintillation counter
2 0 angle 29,9 K, and 30.0 K.
collimator fine
5 ml fluid cuvets
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Tab. 4

Former cases with normal bromide levels

immersion time in sea state of the corpse analyzed material
fluid pressed from

22 h North sea flats large destruction muscle

66 h Yaselsee large destruction lung

few h Baltic sea large destruction lung

7 days Baltic sea no destruction spleen

Tab. 4a

Later cases with normal bromide levels

immersion time in sea state of the corpse analyzed material

104 h North sea large destruction fluid pressed from

small destruction muscle

19,5 h Baltic sea no destruction thoracic blood

no destruction thoracic blood

Tab. 5

Experiments in account of a bromide admission

fluid pressed from pig lung 0,00 tifg % bromine

North sea water 5,00

fluid pressed from pig lung
24 h deposited in sea water 2,80
48 h deposited in sea water 3,15

synthetic seawater 4,90

fluid pressed from human lung 0,38

fluid pressed from human lung
3 h deposited in sea water 3.30 " (- 0,38 mg %)
6 h deposited in sea water 4,60 " (-
24 h deposited in sea water 4,60 " (- " )
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Tab. 6

Chloride admission from sea water

fluid pressed from human lung 0,35 % Chloride

Lung (value from literature) 0,25 % Chloride

conversioned according to water content 0,31 % Chloride

fluid pressed from human lung,

deposited 3 h in sea water 1,24 % Chluride
(-0,35% "

fluid pressed from lung cf case 3 N 0,70 % Chloride

Tab. 7

Case 3 N, bromide content

fluid pressed from

lung 2,24 mg % bromide

muscle 2,00 mg % bromide

liver 2,56 mg % bromide

Tab. 8

Case 0 6, alcohol formation

fluid pressed from gaschromatographic enzymatic

lung 0,44 0/oo 0,290/oo

spleen 0,94 0/0o 0,340/oo
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Post-office box 1264 KFL
D-8080 Fiirstenfeldbruck

Germany

Summary engineers and developers.
The west German armed forces Aerospace As an example it may mention the impro-
Pathology and Toxicology was founded in vement of the sheath of the pilot knife.
April 1964 as a division of the German It had frequently happened that the ex-
Airforce Institute of Aerospace Medicine. treme acceleration force typically oc-
Prof. S. Krefft was assigned the develop- curring in aircraft accidents and inci-
ment of this division in a time of increa- dents pressed the knife through the sheath
sing accident rates due to the so-called what caused partly severe injuries at the
"F-104 G Starfighter crisis". Krefft deve- pilot's lower leg or foot. On the basis of
loped the concept of a mobile, airborne this findings, the material of the sheath
investigation and autopsy team with cen- was reinforced and the pilots were advised
tralized laboratories for identification, to wear their knife in a different way.
histopathology and toxicology at Fursten- Since that time such type of injuries had
feldbruck AFB, near Munich. Though the not been observed any more.
doctors of the autopsy team normally are
adressed as pathologists, they are in fact Complying with the legal provisions the
forensic pathologists, thereby meeting the department is recognized as an expert
requirements of german law. agency by civil authorities such as the
Trends in accidents and incidents are public prosecutor and therefore has the
evaluated and discussed with respect to same legal status as the institutes for
future developments. New methods and ýorensic medicine.
technique- are presented such as DNA-based
identification. On order of the General of Flying Safety

the department takes up the investigation
of all military flight operation distur-

Introduction and History bances provided that persons were injured
By founding the Institute of Aviation or killed or medical aspects of flying
Medicine in 1959, the German Air Force safety were concerned.
early responded to special aeromedical
questions raised by the increased employ- Thanks to the central function of the
ment of jet aircraft, department an organization could be built

up in the course of time with sufficient
This institute was established at the staff and equipment to support also the
Furstenfeldbruck military airfield and, Federal Aviation Office in Braunschweig in
with its departments, has ever since case of civil aircraft accidents. More-
contributed under various aspects to over, members of the department also
enhance flying safety and supported the support the victim identification section
flying units of all three services, of the Federal Office for Criminal Inve-

stigation in case of disaster. To mention
Department V - Aerospace Pathology and in this context is the participation in
Toxicology - was established in April the identification of 155 victims killed
1964 at a time when the number of aircraft in an aircraft crash on Teneriffa. Only
accidents strongly increased owing to the recently the department received a mobile
so-called "F-104 Starfighter crisis". X-ray equipment for this purpose. In the
The reasons behind the foundation of the scope of the required identification
department weze the expectation and requi- measures, skeleton and teeth of the vic-
rement of the military commands and units tims are X-rayed; the plates are then
to clarify growingly urgent medical as- digitized in order to display them on
pects in flying safety. The investigation screen and save them on disks for later
of aircraft accidents caused by the "human comparing examinations.
factor" had become more and more impor-
tant. Professor Krefft, the former head of Apart from numerous employments in the
the Institute for Forensic Medicine of the area of the Federal Republik of Germany,
University of Leipzig, was tasked to build the department had also investigated air-
up and manage the department. craft accidents in various NATO countries.

The largest military operation in a
Tasks and Requirements foreign country took place in 1975 after
What have ever since been the objectives the Transall crash on the island of Crete
of Aviation accident medicine? in which 42 soldiers were killed. All of
In our department aircraft accidents and them could be identified.
incidents are evaluated and analysed in
order to draw conclusions how accidents Since its foundation, the department has
may be prevented and cockpit safety been employed in 260 accidents claiming a
improved in cooperation with aircraft total of 652 casualties. Until the early
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70ies, the majority of aircraft accidents Histology
involved jet aircraft, in particular star- The specialist division for histology,
fighters; another climax was reached in histochemistry and trace analysis features
the late 70ies and the early 80ies. all major routine methods. In 1979, the
kialicopter crashes ranged from 0 to 5 per spectrum of histological examination
year. Since 1971 there were never more, methods was enlarged by the procurement of
than two accidents to notify. an electron microscope which provided the
With Propeller Aircraft hapiened also 0 to possibility to document histomorphological
5 accidents per year, the majority of them tissue changes to a high degree of
with Piaggio and light propeller aircraft. differentiation. The electron microscope
From 1978 till 1989 there was no accident is alsc used for purpose-oriented
with a propeller aircraft. research.

In the last years the cooperation with the In previous years some 2500 microscopic
Federal Aviation Office in the investiga- sections were cut and evaluated, where as
tion of civil accidents was intensified, in the last few years the annual number of
certainly also due to the decrease in histological cover-glass preparations went
military accidents. The investigation team up to about 5000.
worked in 1990 and 1991 on 26 accidents
with a total of 50 victims. In only six After deadly aircraft accidents tissue
accidents military aircraft were involved, samples are taken from all found organs

for histological analysis and assessment
The basis for the development of expert also in order to diagnose possible previ-
opinions is provided by the scientific ous diseases which may have affected the
methods of the forensic medicine and pilot's fitness to fly.
associated disciplines such as trauma- For example, it has been found out that a
tology, traffic medicine, toxicology, pilot had suffered from a syringomyelia, a
serology and trace analysis. fact that was not known by then. Moreover,

the histological analysis may answer
Organisation and Structure of the questions about the vitality in case of
Department injuries caused by external violence.
The department, headed by a specialist in
forensic medicine, is organized in various The classical methods of serology which
divisions, are primarily applied to identify corpses
Professional investigations of aircraft and to detect blood stains next year will
accidents are ensured by a mobile inve- be supplemented by the DNA analysis.
stigation team on permanent stand-Ly. Methods like Ouchterlony's only allow to
Today it is usually comprisei of two differentiate between human and animal
medical practitioners, one of them a tissue. The absorption-elution method is
specialist in forensic medicine, a photo- used to determine whether blood traces
grapher and two autopsy assistants. belong to type A, B or AB. Last year the
Immediately after being notified of a department investigated a Tornado accident
deadly accident, the team moves as fast as in the Netherlands, causing two victims.
possible by aircraft, helicopter or car to Since the aircraft crashed into the North
the scene of the accident. At the site, Sea only very little organic material
the aeromedical examinations are conducted without any characteri'tics usable for
in close cooperation with the responsible classical identification methods was
flying safety officers, the flight surg- found. In such a case, a doubtless iden-
eon, the public prosecutor, the police and tification is only possible with the aid
representatives of the Federal Aviation of the lately developed DNA fingerprinting
Office. method which allows the determination even

of very small parts of the corps. The DNA
Speuial attention is given to the crash is removed from the existing tissue and
point and fragments of the aircraft as treated with restriction enzymes. The gen-
well as to the position and posture of the determined distribution of the outcoming
corpses which alone frequently reveal de- length of the fragments can then be detec-
tails of the accident event. First iden- ted with so-called DNA probes. Following
tification measures are taken. this analysis the DNA fragments can be

compared, and checked for correspondence,
On request ,f the public prosecutor the with the blood of the victim's next of
post-mortem examination is done with the kin.
primary objectives of:

The specialist division for identifica-
- final identification tion, iep-ation and aircraft accident
- establishing the cause of death reconstruction makes, as directed by a
- documentation of injuries on the body surgeon, specific preparation6 and submits
surface, skeleton and inner organs. them to a possible further medical exami-

nation such as recovered teeth or parts of
Accident-specific injuries such as seat upper and lower jaw which are excellently
belt marks and stick injuries are of suitable for identification.
special interest. The palms including the
joints and the soles of the feet are This specialist division keeps a traumato-
prepared. Extensive biological material logy documentation and evaluation which is
needed for later histological, serological intended to exFlain the mechanisms leading
and toxicological processing and for the to typical injury patterns directly resul-
evaluation of traces is preserved. All ting from the course of events during an
findings of recovery and autopsy arE accident.
documented by tape recorder. Totals and
close-ups are shot of site and autopsy.

I-
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Toxicology In 1991 in total 490 toxicological
Aerotoxicology has gained in importance in analyses were conducted.
the investigation of aircraft accidents. So the biological material of 27 casual-
This specialist division conducts analyses ties of fatal aircraft accidents was exa-
after aircraft accidents and incidents and mined with 81 routine examinations like
delivers toxicological expert opinions on blood alcohol, carbon monoxide and pharma-
request of flight surgeons, Bundeswehr ceutics and with 135 subsequent analyses.
hospitals and other Bundeswehr agencies. 91 examinations were required in non-fatal
The main tasks of this division are the aircraft accidents and incidents.
development and employment of special In the last year, the other toxicological
aerotoxicological examination methods to examinations included 124 scientific tests
detect exposures to smolder gas, coi,.- and, for the first time, 51 drug scree-
bustion gas, fuel, hydraulic liquid, de- nings.
frosting agents and other toxicological
risk factors which may result in a tempo- Final Notes
rary or permanent impairment of the fit- The combination of military and legal
ness to fly or which may give indications requirements demands absolutely exact
of the cause of an accident, analysis results for the different sub-
iL was p,-ssible to lower very much the stances which are irrefutable before the
concentration limits to detect volatile court. Analysis methods are therefore
substances. After only one or two respi- permanently being developed and improved.
rations of contaminated air it can The existing gas chromatography with mass
distinguish in blood samples between spectrometry and the high pressure liquid
hydraulic liquid, cable burning or other chromatography equipment will soon be
toxic gases. completed by specific detectors like Ion
Non-neglegible risk factors are now as Trap to achieve still more precise ana-
before the pilots' consumption of alco- lysis results. The atom absorption spec-
holic beverages and the uncontrolled trometry will allow the detection in
taking of medicaments. Latent induced or particular of metals and heavy metals.
endogenic metabolic disturbances and the
resulting slips represent other risks for Besides the specialist divisions, the
flying operations and safety. department has a comprehensive record

office storing - partly with the aid of a
various body fluids like blood, urine and computer - all collected and evaluated
conpressed lung and muscle fluid are sepa- data of accidents and incidents. Moreover,
rately processed and analyzed using dif- exists an extensive exhibition with organ
ferent problem-oriented methods. preparations, dry exhibits, diagrams and
Blood alcohol levels are measured with picture boards, trajectory and aircraft
enzymic and gas chromatographic methods, models.
The recent new legal provisions concerning
the blcod alcohol analysis claim for a in autumn of this year, the department
higher standard of quality control. This will move into a new building and there be
means the participation in ring experi- linked to a network to get access to the
ments which is required for the legally institute's computer information system.
accepted routine examination of blood It will then be possible to evaluate data
alcohol concentrations, of aircraft accidents, toxicological
Carbon monoxide contents are presently measurements and traumatological and
determined using ultra-violet photometric histological examinations with still a
methods, while hydrocarbons are analyzed higher exactness.
with the aid of gas chromatography. Drugs,
narcotics and other medicaments are ana-
lyzed using thin layer chromatography, References:
high-pressure liquid chromatography and 1. Krefft, S., "Entwicklung, Aufbau und
gas chromatography in combination with Organisation der Flugunfallmedizin im
mass spectrometry or a mass sensitive Rahmen der Bundeswehr", Jahrbuch der
detector. Wehrmedizin Folge 2. 1969, S. 56-61
The mass spectrometric methods permit the 2. Krefft, S., "10 Jahre Flugunfall-
detection of substances even in the magni- medizin", Arztl. Praxis 26 (1974)
tude of as low as picogramms per milli- 84, S. 3529-3534
liLpr. 3. Krefft, S., "Develogment of aviation

accident pathology", AGARD Conf. Proc.
The number of toxicological examinations Nr. 190. 1976, S. B2/1-B2/5
went up in the last few years, among 4. Krefft, S., "Zum Problem der Identi-
others, due to drug scree-ings. fikation beim Flugunfall". Zentralbl.
Because of the growi, ecological aware- Verkehrs-Med. 12 (1996), S. 40-48
ness, number and versatility of examina- 5. Apel, G., "Histology in aircraft
tions in the field of occupational medi- accident reconstruction". AGARD Conf.
rine have also increased. Proc. Nr. 190 1976. S. B8/1-B8/3.
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Summary tion measures as a consequence of the
The Division of Aerospace Pathology and assessment of all circumstances.
Toxicology ("Flugunfallmedizin") at the
German Air Force Aerospace Medical Insti- In case of accidents of military aircraft
tute was founded in 1964 by Col.Prof. the competent investigation committee of
Kref~t and is since then located at the Director of Flying Safety, Federal
FUrstenfeldbruck AFB near Munich. The Armed Forces, is interested in the exami-
Division is engaged in the medical and nation of the accident's cause and deduc-
medico-legal rart of all fatal accident -, table measures to prevent similar acci-
most non fatal accident - and incident dents; the flight accident investigation
investigations concerning German military agency of the Federal Aviation Office does
aircraft (Airforce, Navy and Army). The the same in case of civil aviation acci-
Division performs also some civilian dents.
medical accident investigations for the The public prosecutor's securing of evi-
Federal Aviation Administration ("FUS, dence requires in addition to an autopsy
Flugunfall Untersuchungsstelle beim also histological, toxicological and other
Luftfahrt Bundesamt"). examinations; the reason behind is that
The autopsy files of the period I January any incompletenes- of medical findings
1965 up to 31 December 1990 were reviewed, would be exploited by the counsels of the
In 231 civilian and military crashes a defense to put forward irrefutable asser-
total of 455 autopsies was performed, tions which would overstress in trial the
resulting in 385 valid autopsy reports of legal principle of "in dubio pro reo" (in
killed pilots including a histopatholo- a 4oubtful case, it shall be decided in
gical .!xamination. favor of the accused). Still more detailed
Histopathological findings were coded and examinations, especially those under the
stored in a data base of an IBM compatible microscope, are particularly useful to
computer. In those cases with positive establish statements on possible previous
histopathological findings in the files diseases and their influence oz. the se-
the tissue was reexamined. quence of events leading to the accident
36 cases showed severe histopathological under the aspect of the human factor as
alterations. 11 of these might be consi- cause of an accident. Moreover, micro-
dered to have reduced phys cal and / or scopic examinations allow to separate
mental performance and thus have affected vital from post-mortal findings, to esta-
the capability of flight safety. blish chronological relations in the
A seletction of ten cases is used to dis- course of the accident and the origin of
cuss problems of accident causality in different findings and, if required, to
case of positive histopathological fin- recommend necessary modifications in the
dings. The value and validity of findings design of flight equipment or the aircraft
especially in those cases of a high degree itself.
of -ssue destruction is demonstrated.
In aircraft accident investigations In general, the complex investigation of
autopsy and histopathotogical examination an accident requires statements about
must - on the basis of nearly 5% positive microscopic changes of the tissue of inner
histopathological findings - be regarded organs in supplement to post-mortem fin-
as mandantory. dings.

The following cases will demonstrate how
Introduction organic changes only detectable by histo-

morphological methods permitted conclu-
The casualties of military and civil sions as to the aircraft accident events
aircraft accidents are usually subject to and hid to be accepted as links in the
a post-mortem examination on order of the chain of causality.
public prosecutor. This investigating
authority is primarily interested in the Material and methodology
cause of death and in the answer to the
question whether or not there was a cau- In the scope of aircraft accident investi-
sality between a false act of a third gations of the last 25 years, the court-
party and the death of the persons con- ordered post-mortem examinations of mili-
cerned. Minor importance for the public tary and civil pilots revealed pathologi-
prosector have the questions about the cal organ samples indicating diseases
sequence of events or the cause leading to which could have impaired the fitness to
the accident to epl'ablish accident preven- fly at the time of the accident. 230



evaluated aircraft accidents between 1964 result of these findings the pilot was
and 1990, 10 percent of them involving allowed - one year before the accident -
civil aircraft, required 455 autopsies for to fly only with a co-pilot and only on
analysis, 385 of which were post-mortem aircraft/helicopte.s with dual flight
examinations of the responsible pilots, control and a co-pilot with type rating.
The files contained 36 cases (about 10 After a post-examination six months before
percent, one fourth of which were civil the accident, the restriction "flying with
pilots) with manifest histopathological co-pilot only" was removed.
findings. 21 cases showed changes which The histological examinations revealed a
would have principally been suitable to moderately developed coronary arterio-
explain a degradation of the fitness to sclerosis in the .iyocardial tissue which
fly at the time of the accident, among had already produced a perivascular tylc-
them two verrucous, non-bacterial endo- sis at several spo's.
carditides, two cases with constrictive
juvenile coronary arteriosclerosis, one Indicators for a brown atrophy of the
chronic gastro-enteritis, one disseminated myocardial fibres were also detected. In
vasculitis, one miliary epithelial cell addition, circumscribed angiomatrses in
granulomatosis, one myocarditis and one the brain were found both in the subepen-
mycosis of the lung. dyisal area of the occipital cornu of the

left ventricle and in the plexus choroi-
Case I: deus. The walls of the dilated vessels

seemed largely hyalinized and partly
In 1970, a 26-year-uld pilot crashed with showed stripy, loose round cell infil-
his F-104 on the Bergen-Hohne major trai- trates. Amyloid and hemosiderin tesL
ning area. The pilot had an experience of negative! The neuropile of the left
674 flying hours, 286 oZ them on the air- *ccipital curnu in the area of these
craft type involved in the accident, vascular changes did not show any

detectable morphological damage.
No previous fitness to fly tests had In other regions of the brain, however,
revealed any peculiarities. Looking back, diffused and orouped nerve cell deficiency
his superiors had only noticed that the symptoms werc ocqerved in all cortical
pilot's shooting results had become worse layers and in brain stem nuclei. An in-
from year to year. c-eased pigment atrophy of the nucleus
The histological examination of the spinal dentatus and a partial disturbed function
cord revealed a syringomyelia. of the Purkinje cells were significant in

the cerebellum. The histological findings
In this case two cavitations were observed in the brain gained by microscopic exami-
at the right and left side of the central nations may be the morphological correlate
canal in the cervica ,art of the medulla for the observed EEG changes, for the
including a displacement of the rear and/ unsteadiness in one-leg-standing and
or front chamber. These cavitations cove- tightrope walking, caused by recurred
red the entire cervical part towards the states of hypoxia or by circulatory
upper sections of the thoracic cord and disturbances.
the ventricornus. Such changes may cause
dissociated paralgiae with a diminution of Case 3:
pain and temperature sensitivity; they may
,,Iso Cause secondary muscular atrophies - A'ter touching the ground and again short-
located in the lower cervical part An,- 1j bumping off, an F-104G crashed on the
tially at the small muscles of the hand. firing range of Helchteren in Belgium. The

36-year-old pilot was hurled out of the
Owing to the slow development of such aircraft and killed.
symploms the pilot and the people around
him may not have noticed the associated The pilot had an experience of 3543 flying
disturbed nervous function,. hours, 1942 of them on the type involved

in the accident. No peculiarites had been
Case 2; observed in the fitness to fly tests of

the years prior to the accident. In pre-
In 1970, an F-4E comes into an instable vious years increased blood pressure
pitth position a ter a pullout maneuver values had been measured (maximum 170 imm
ending up in a too steep climbing angle. Mercury) which, however, went back to
The two, crew members were ejected at an normal again. Nine years before the acci-
Alt itude of 2000 ft. whereby the respon- dent the ECG showed spurious repolariza-
sible 38-year-old pilot uas deadly in- Lion disturbances aftek work which, how-
jured. The pilot had an experience of 3526 ever, did not depart from the norm.
flying hours, 722 of them on the aircraft
lype involved in the accident. The post-mortem examination revealed, in
Already twelve years before this fatal correspondence with the macroscopic fin-
a.-cidtint an unspecific border line site- dings, a significant general arterioscle-
raLton in the EEG of the pilot was me;,- rosis of the body's main artery as well as
sured in a fitness to fly test which indi- an arteriosclerotic constriction of the
vated a lack of cere!jral vasostability coronary vessels of up to 75 percent of
with symptoms of a significant autonomic the lumen. Accordingly, there were a
instability; these findings wer< more or disseminated tylosis and a circumscribed
less distinctly confirmed in other EEG interstitial fibrosis also in the myocar-
measurements in the following eleven dial tissue.
years. Nine months prior to the accident, Under extreme physical strains, such scle-
an unsteadiness in one-leg-standing and rotie coronary vessels me.y cause - owing
tightrope walking was stated in a fitness to the sudden relative coionarism - an
trst for military flying duties. As a acute insufficient blood supply of the
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heart, reducing its pumping performance picture of these changes corresponds to a
and, consequently, causing an insufficient so-called idiopathic pulmonary fibrosis;
oxygen supply of the brain. These facts hkoever, a line of causality between these
may give an explanation for delayed reac- findings and a certain accident-triggering
tions and mental coordination listurban- cause cannot be established.
ces.

Clinic experience knows that such distinct
Case 4: changes of the lung slowly progress over a
in 1969, a 36-year-old pilot lost control period of several years. This is proven in
over his C-47 when he tried to land on the the discussed case by the fact thaý there
runway in Husum. The aircraft went up were watch-glass nails at fingers and
again from the runway and crashed after- toes, a morphological phenomenon which
wards almost vertically with the cockpit indicates the existence of a chronic pul-
into the ground. Three of the passengers monary hypoxia..
were immediately killed, the fourth died
one day later. Moreover, the additional histological exa-

minations of the myocardial tissue showed
The responsible pilot had an experience of a distinct, in part almost occluding scle-
3073 flying hours, 839 of them on the type rosis of the coronary arteries and a con-
involved in the accident. No peculiarites nective tissue proliferation in the myo-
had been observed in the previous fitness cardial tissue. The latter result indi-
to fly test. Four months prior to the cates an already long-lasting hypoxic
accident, the pilot had stayed in a health damage of the myocardial fibres caused by
resort because of a circulatory lability the extreme coronary sclerosis and pos-
and hypertension. The post-mortem exami- sibly aggravated by the pulmonary hypoxia.
nation showed pericardial adhesions to the
cardiac wall which could be confirmed to Under aeromedical aspects, such distinct
be chronic-infiammato.y changes of the changes of the lung in connection with a
serous membranes of the heart without disturbed pulmonary function may have at
fresh cell reactions. In addition, there least contributed, among other factors, to
were maculated old cicatrices in the myo- the accident.
cardial tissue while the coronary showed
no peculiarities. Case 6:
A chronic bronchitis and a structure fi-
brosis were apparent in the lung tissue. A 34-year-old pilot crashed with his F-
These lung changes - visible only under 104G during a night landing approach into
the microscope - had caused a right yen- a wood near Neuburg on Danube after
Lricular hypertrophy (0.6 cm ventricular touching several trees. He did not attempt
wall thickness at the pulmonary outlet) to eject himself out of the aircraft. The
which had already been stated to be pilot had an experience of 2066 flying
pathological in the macroscopic post- hours, 1018 of them on the type involved
mortem examination. In addition, irritable in the accident.
vessel reactions in heart, liver and
spleen corroborated the existence of an Details of the pilot's medical history
acute infect prior to death, indicated that he had suffered from an

acute pulmonary mycosis in the U.S.A. ten
The organic changes detectable in both years before the fatal accident. In the
macroscopic and microscopic examinations succeeding years there were repeated
indicate a degradation of the pilot's inflammations of the nasal mucous mem-
stress resistance at the time of the brane. The histological examinations fol-
accident, lowing the autopsy revealed accumulations

of epithelial cells, lymphocytes, granulo-
Case 5: cytes and polyblasts in scarred connec-

tive tissue areas. The changes correspond
In 1990, a 60-year-old pilot crashed with to residual granulomae of the previous
his Cessna 172 onto a meadow near the town mycosis; a typical double-outlined sporont
of Schoellkrippen. The tests which the with visible perivascular endospores could
pilot had undergone 36 and 12 months be- be detected in fibrous tissue. Moreover,
fore the accident had not shown any pecu- hyaline pleural swellings were found in
liarities impairing his fitness to fly. some areas.
Both examinations were pe-,rm-0 -jithluut
X-raying th2 thorax, and -lie last ECG had For obvious reasons, a performance degra-
been madce three years ago. dation or a diminished fitness to fly may

have resulted from constantly recurring
The post-mortem examination revealed in allergic or vegetative symptoms or by a
particular an increased weight of the reactivation of the mycosis due to a redu-
right lung with a hardening of the tissue, ced power of resistance.
watch-glass fingernails and toenails and a
distinct, partly almost occluding sclero- Case 7:
sis of the coronary vessels .
The additional histological examinations During a low-level run-in flight, a 30-
of the lung tissue showed an advanced year-old pilot crashed with his F-104G
interstitial pulmonary fibrosis with behind a wooded spot onto the Heuberg
sev ral honeycomb-like changes of the major training area. The pilot had an
pulmonary structure. Other regions of the experience of 1172 flying hours, 881 of
lung tissue showed ,listinct changes of the them on the type involved in the accident.
pulmonary arterial walls with subtotal Two years prior to the fatal accident, the
arterial occlusions and eircumscribed pilot fel ill out of perfect health with
round cell infiltrates. The morphological an epithelial cell granulomatosis (Sarcoid



of Boeck) affecting lung and joints. After in the fitness to fly tests in the time
he was treated with success, the pilot was after the accident.
rated lb in the subsequent fitness tests The post-mortem histological examinations
for military flying duties without any showed an inflammatorl reaction of the
restrictions imposed. liver in the portal fields and in the area

of the sinusoides with single cytoclases.
The histological post-mortem examinations In addition to the increased number of
revealed granulomae of a discretely mesenchymal cells, inflammatory cells such
distinct Boeck-sarcoid - being still as lymphocytes, leucocytes and plasma
florid - in both lungs and the associated cells were detected.
lymphatic nodes, but the granulomae had a
maximum diameter of 1 mm and did therefore Considering the symptoms occurring in case
not appear on the X-ray. of an acute and chronic hepatitis such as

weariness, lack of appetite, vegetative
Though the pilot had not mentioned a de- symptoms (outbreaks of sweat, general
gradation of his performance in the past weakness, tendency to collapse, depres-
fitness to fly tests, such a degradation sions), an impairment of the co-pilot's
and a reduction of his speed of reaction, fitness to fly seems indeed possible.
(possibly by his feeling sick) cannot be
doubtlessly excluded according to the Case 10:
pathological-anatomical findings eviden-
cing the still discretely existent Boeck In 1970, a 33-year-old pilot crashed with
sarcoid. his stalled ELSTER-B from low level into a

garden within the village of Steyerberg.
Case 8: Both passengers were killed.

On a VFR flight in 1990, a C-160 The pilot had an experience of 78 flying
(TRANSALL) touched some trees on an hours, 36 of them on the type involved in
ascending wooded area and shortly after- the accident. In fitness-to-fly-tests ten
wards - in a strong lateral attitude - years prior to the accident a hyperthy-
crashed into a timber forest near Lohr roidism was diagnosed, showing associated
upon the Main river. All ten passengers symptoms such as glossy eyes, protrusio
were killed. Neither the previous fitness bulbi, a moderate vegetative overexcita-
to fly tests nor the post-mortem exami- bility, vegetative circulatory lability
nations of the responsible pilots revealed and a somewhat increased heart rate in the
indications of d reduced ability to fly at ECG as well as a slightly enlarged thy-
the time of the accident. roid. Because of strong nervous strains,

the pilot had been treated with the tran-
The additional histological examinations quilizer Valium-5 four weeks prior to the
under the microscope, however, obviously accident; he consumed the tranquilizer
showed changes of the hepatic tissue of a until two days before tLie accident.
29-year-old crew member who had Lhe func- In the histological post-mortem examina-
tion of a cargo officer. The periportal tion, the thyroid showed a moderate base-
fields appeared enlarged - with regular dowian goiter with an irregular structure
liver parenchyma architecture - by infil- cf the differently sized, partly serrated
trates of different cell d,.nsity (eosino- follicles. We found both Sanderson pads in
philic, granulocytes, lymphocytes) as well some follicles and concentrations of
as by cystic duct.proliferation. The lymphocytes producing follicles at various
distinct centrolobular moderately fatty places in the intersticial tissue.
hepatic cells indicate a disaggregated
cytoplasm with a fine-granular or hydro- These microscopic-anatomical findings
pically swollen aspect; the cytoplasm established the morphological correlate of
additionally shows dustlike lipofuscin the ten-year-old diagnose of the symptoms
depositions. Destructions of centrolobular of a hyperthyroidism with a slightly en-
hepatocytes were also observed. larged thyroid. Because the tranquilizer

had laat been consumed more than 24 hours
This type of changes of the liver, descri- before the crash, it can be assumed that
bed as toxic hepatosis, are frequently this medicine had most likely been excre-
caused by the consumption of certain medi- ted at the time of the accident. The
c:ne and do riot establish an obligatory symptoms of overexcitability previously
manifest disease. suppressed by the tranquilizer should then

have been noticeable again.
The special chemical-toxicological tests
did not produce any indications of the
consumption of medicaments inducing such Conclusions:
changes.

The macroscopic findings obtained in the
Case 9: post-mortem examinations of accident

casualties mainly serve - apart from
In 1970, a NORATLAS transpor' aircraft establishing criteria for identification -
spinned steep from an altitude of 2000 ft. to record the accident traumatology and is
and crashed onto the Monigsdorfer Filz insufficient for the clarification of the
area; the five crew members were killed, accident's cause or the sequence of events
The 32-year-old pilot had an experience of leading to the accident.
3707 flying hours, 3315 of then on the Military pilots undergo extended examina-
type involved in the accident. The co- tions routinely included for example ul-
pilot had been the only survivor of an 11- trasonoscopy in the annual tests checking
men-crew after a severe aircraft accident their fitness for military flying duties.
21 months ago. He showed no peculiarities Civil pilots undergo these t,'sts every two



years, and it is in the discretion of the to the period before the early 
7
0ies.

examining flight surgeon to use additional Post-mortem examinations with extended,
diagnostic image-producing methods with especially histological addiLional inve-
each pilot. stigations after aircraft accidents are

ijidispensable in order to increase the

In the past 25 years, diagnostic inno- quality of aeromedical tests and are an
vations and improvements have resulted in absolute must regarding the presently
a decrease of the severeness and acuteness valid civil system of non-invasive
of the diseases of the military pilots examination methods applied by flight
under examination, whereby the cases with surgeons.
non-detected diseases are mainly limited
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SUMMARY Accidents of the Hellenic Air Force in the
last 20 years were investigated. A

Military flying is a dangerous activity and Major or Class-A Accident, is one where
safety is a major concern. Post accident there is total aircraft damage of aircrew
pathology is an essential tool of life loss. Data were obtained from the
determining, the cause of death of the medical files of the 251 Hellenic Air
pilot, types of injuries, possible Force General Hospital and the data bank
physiological problems that contributed to of the Flight Safety Department. Aircraft
the accident and finally, possible accidents were subgrouped according the
solutions to improve safety. The aircrew aircraft type. The biggest portion of the
injuries of 151 Class-A Accidents, of the accidents was Jet Fighters with 47%,
Hellenic Air Force, in the last 20 years. following Jet-Trainers with 15,2%, Jet-
Accidents were divided,according the aircraft type, Bombers with 8% and Jet-Reconnaissance
in three groups: Jet aircraft Accidents, with 6%. There were 24 Fixed Wing
Fixed Wing Props Accidents and Helicopter Propeller Accidents (15,8%) and 10 Rotary
Accidents. In the Jet Aircraft group, a Wing Accidents (6,62%) (Table 1). Human
subdivision was made in three more Factor failure was the main cause of
subgroups: Non ejection attempted, accidents in more than 60% of the Jet-
successful ejection and unsuccessful group and in 82% of the Fixed Wing Props
ejection. In all groups the type and and 50% of the Rotary Wing Accidents,
location of injuries was recorded, and the which is in accordance with other authors
results were discussed. An attemption was results (2,3,5,6,7) (Table 2). For our
made to give possible solutions. Injury investigation purposes the Aircraft
data bank of airfcraft accidents can be Accidents were grouped in 3 major groups
very useful in improving accident according the Aircraft performance and the
investigation techniques and safety and egress system available: Jet Aircraft group

more data must be recorded. with 17 accidents, Fixed Wing Props with 24
accidents and Rotary Wings with 10
accidents. The type and location of

INTRODUCTION injuries was recorded in each of these
Aircraft accidents are not new occurences. groups and there was an attempt to relate
The first reported aircraft fatality specific type of injury to a specific
occured in 1908 when the Wright Brothers cause. The toxicologic examination was
were demonstrating their Wright TYPE-A negative in all of the accidents. Also,
"Flyer" to the U.S.ARMY. A propeller there was not any case where a previous
failure and a crash caused the death of disease of the pilot was documented to be
First Lieutenant Selfridge who was aboard related to the cause of the accident.
as an observer. The autopsy determined the
cause of death which was a compound RESULTS
comminuted fracture of the skull.From that
autopsy result the investigation board a. JET AIRCRAFT ACCIDENTS
suggested that pilots should wear helmets There was a total of 117 Class-A, Jet
while flying (4) From this obvious remark, Aircraft Accidents. A total of 38 pilots,
to the investigation of the two COMET did not attempted ejection and crashed
accidents in 1954, where the few floating with the aircraft. This leaves little room
remains of the passengers had signs of for injury pattern analysis because of the
rapid decompression and airframe structure extremely high impact forces. It is
failure was suspected (4), post accident interesting that in the two seat models
pathology proved to be an essential tool accidents, 3 copilots initiated ejection
for accident investigation and safety sequence little before impacting the
improvements. A data bank of aircraft ground. This is probably due to the fact
injuries with international cooperation that the backseater is more aware of the
will be of great value to determine flying conditions. Question arises as to
aircraft type specific injuries, and why they delayed to eject. A part of the
possible solutions, answer should be in the highly dominating

role of the pilot in command which leaves
MATERIAL - METHOD little room for initiative to the copilot.
The files of 151 Major or Class-A A total of 10 pilots attempted ejection



which was unsuccessful and were fatally probably due to the fact that the left
injured. 7 of them ejected in very low side of the pilot body is more exposed
altitude and were out of seat performance than the right which holds the stick. The
envelope,one ejected in high speed (F5 pilot, high incidence of head trauma is because
Martin Baker seat, 600 knots) and was also of the fact that most of the aircrew dont
out of seat envelope, one was killed due wear helmets during tic' flight and the
to seat malfunction (T2 pilot, Rockwell, inertia reel system of the belts seems to
LS-lA seat) and one was killed due to an fail more often than not.
ergonomics failure. The last case
is a good example of how valuable can be ROTARY WING ACCIDENTS
post accident injury analysis: After an
engine failure, an A-7H pilot ejected over Helicopter accidents also have a good
sea. The pilot was found, 15 minutes survival rate with only two fatal
later, drown with his life support accidents out of 10. In these two
equipment having worked as specified. The accidents a total of 8 passengers and
autopsy has found that during ejection the aircrew was killed. Injury pattern is
pilot felt unconscious after a minor head shown in Figure 4. Skull fracture with
trauma. The unconscious pilot was unable brain damage was the cause of death in al
to release the parachute harness and was people killed in the two fatal accidents.
carried by the wind. Further investigation In other survivable accidents, skull
showed that the seating height of the fracture was present in 30% and head
pilot was more than 39,7 inches. This is injury in another 30%, and lumbar spine
the limit of the I-G-2 ESCAPAC seat to fracture was present in 20%. Bruises were
perform safely.The seat uses canopy also more often found in the left side of
brakers, to eject through canopy if the the body. The very high incidence of head
pilot seating height is more than the trauma is due to the fact that most
limit than the pilot head is going to aircrew members decide to fly without
contact first the canopy leaving the pilot wearing helmets leaving them exposed to
unconscious. Now all A-7H pilots are head trauma. It seems also that there is
checked for their seating height. The room for additional protection systems
injuries recorded in the above group of such as inflatable balloons to protect
unsuccessfully ejected pilots are shown in aircrew from contacting with the panel.
Figure I and are the following: skull Passenger safety should also be under
fracture with extensive brain damage was consideration as there is not helmet
present in all cases. In 60% of the cases available for them. (7)
the helmet was separated either after ejection or
after the first impact with the ground. DISCUSSION
Neck fractures and spinal cord injuries
were present in most of the cases as well H.Wells in his papers of 1915 and 1916
as massive internal organs injury, long advocated the use of safety helmets and
bone fractures and spine fractures were harnesses to avoid injuries sustained
also a common finding. All of those during tur'ulence, aerial combat and
injuries were not survivable due to the accidents. (8) Unfortunately these old
high impact forces. In 69 of the 117 statements are proved one more valuable.
accidents the pilots were ejected and the Fixed Wing Propeller and Helicopter
egress system worked successfully. However passengers and aircrew not wearing helmet
the pilots received multiple minor are vulnerable to head trauma which
injuries for various reasons: (Fig. 2) Low accounds for most of the fatal injuries.
back oain was a common finding and was In a paper, based on data fran 4500
reported in 8,9% of the cases. Neck sprain occupants on U.S. ARMY Helicopter
was also common in 5,79% of the cases. accidents, head injury accounds for almost
Poor ejection position was reported as the 31,5% of all fatal injuries and 20% of all
main cause of the pain. This is also the major injuries.(I) In our paper head
reason for the TI1 - T12 - LI fractures injury accounds for the 29,1% in Fixed
that were found in 5,9% of the cases. Wing Props and in 30% in Helicopters which
Minor head trauma is also common in 4,3% is in accordance with other authors (1,7).
and can be a life threatening event in An interesting point is the left side
ejections over sea. Automatic parachute pattern of the body injuries which
release is of great value in these cases. probably needs attention and more data
Other injuries include femus fracture due collection. For this reason a much larger
to violent landing and shoulder fracture series of accidents is needed. Another
and bruises, due to violent contact with point of interesT is the big number of non
parachute harness, after parachute canopy ejection attempted accidents which asks
opening. for better understarding and training

decision.
B.FIXED WING PROPELLERS ACCIDENTS

CONCLUSION
Fixed Wing Propeller accidents are almost
all survivable. From a total of 24 Class-A Post acident injury analysis is a Lsefull
accidents, only one accident was fatal tool for aviation safety. Standardization
causing lifeloss of 3 of the aircrew and report of injuries can be of great
members. Injury pattern, is shown in value to improve safety systems. The new
Figure 3. The most common injuries were, generation ejection seats are very safe
left femur fractures in 33,3% followed by but work must be done to train the pilots
left arm fractures in 29%, head injuries in to take a fast ejection decision when needed.
29%, right femur fractures in 12,5% and
right tibia fractures in 8,3%. Bruises were REFERENCES
very frequently found and were reported
mainly in the left side of the body. The 1. Aircraft Crash Survival Design Guide
left side pattern of the injuries is Vol.11
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SUMMARY it between human mistake or mechanical
Aircraft escape systems - the ejection failure and ejection ? Could the pilot get
seat - have saved a lot of lives, however ready for the ejection ? Situation at
they often have several secondary initiation of the ejection: altitude,
problems. First, the physical injuries speed, number of Gs and attitude of the
directly produced by the ejection itself; aircraft. Was appropriate the pilot's
and secondly, the psychological sitting posture Z Short description about
alterations caused by the fact of the ground where the pilots fell down.
suffering from an aircraft accident. This
study has been made to get more data on About injuries: Was the pilot wounded
ejections raised in some Spanish Air Force through the ejection ? What kind of
pilots in order to correct the possible injuries he had and, under his personal
mistakes in further ejections. The most viewpoint, in which moment of ejection he
remarkable results are! First, the would have been injured: Egress, landing
importance of performing the ejection or both. Duration of hospital care and
within the safety limits of the seat, and grounding. Finally later flying status.
with a very good sitting posture, to
minimize possible injuries. Secondly, the Pilot's post-accident behaviour : physical
necessity fir both, ejection seat or mental sequelae, lost of notivation for
simulator and parachute training of pilots flying duties. Pilot's opinion about
since most injuries are generated when the necessity of triining in ejection seat
pilot has a wrong sitting posture and when simulator and parachuting training. And
he 'ands on the ground. And finally, the finally, some questions about treteo and
quick incorporation to flying duties as personal crewmember's observations.
soon as the ejected pilot accomplished his
total recovery. RESULTS

This study includes 20 ejections. One of
MATERIAL AND METHODS: This study has been the 20 pilots, successfully ejected twice.
made with technical data were obtained 17 pilots survived and 3 pilots were
from the Spanish Air Force Flight Safety killed. All ejections were premeditated,
Office. Data about injuries and hospital after structural/mechanical failure or
care was obtained from hospitals and pilot's loss of control. Although some
medical officers' reports. Additional ejections were in two ejection-seat
information was obtained through an aircraft, it has been considered as two
inquiry sent to pilots who were had different ejections.
ejected from tlq5r aircraft for last seven All pilots ejected were healthy and
years. The inquiry, enclosed a lot of fulfilled medical criteria for flying
questions arranged by blocks which are in duty. Data about age, weight, stature and
reference to different accident aspects. flying hours are showed in Table I.

At-out the aircraft: Characteristics and Zmergencies preceding elections: We have
number of ejection seats. Short considered three kinds of emergencies:
description of structural or mechanical Technical, Collisions and finally Loss of
failure preceding the ejection. Control.

Regarding Technical Failures, we have
About the pilot: Age, weight, height and split each group considering the former
number of flying hours. If the aircraft failure; as follows:
had two ejection seats, did he fly as A.- Fire or Explosion.
first or second pixot ? Did the pilot B.- Flight Control System failures which
think if he committed any mistake in enclose all primarily problems about
flight which originated the accident ? electrical or hydraulic systems affecting
What mistake ? the ability to control aircraft. When the

electrical or hydraulic failure was due to
About the accident: Did the pilot have an engine failure, the case was
control over the aircraft ? How long was transferred to group D.



C.- Structural failures, (that were due to 1.6.- Sitting posture: Most of the pilots
fatigue of materials), used the prescribed ejection procedures,
D.- Engine failure, considering basically with a proper sitting posture, excluding
engine flame out. Cases 7, 19 and 20 which were unknown. See
Regarding Loss of Control, we have divided Figure 7. Only 3 pilots declared that
it into two subgroups: loss of control at their posture on the ejection seat was
low speed and low altitude, and loss of absolutely inadequate: The former pilot
control at high speed and high altitude. suffered a structural failure. His
All the incidents at high speed and high aircraft became uncontrollable after that.
altitude occurred when the aircraft was Suddenly it began spinning at 4 negative
flying outside the envelope of its Gs, and consequently the pilot started his
aerodynamic limits. See Table II. ejection without any visual reference. The

second pilot, while flying a simulated
Review of all cases through the different combat, did a manoeuvre because, the
phases of eiection: aircraft was outside the envelope of its
In 20 ejections studied, there were 17 aerodynamic limits, and it also began
landings on the ground and 3 of them were sorinning with negative Gs. The third
landings on water. All ejections were over pil.t, we mentioned before, used all
unpopulated areas. emergency procedures, but his aircraft
17 pilots survived, but 60 percent of them flight manual in the chapter dedicated to
w'4re injured. 41 percent of the pilots the eje-tion seat, it showed the firing
that survived accomplished the ejections handle cable length longer than the one
with serious injuries (7 out of 17), and that was actually set in the aircraft, and
pilots with only trivial injuries were 29 when he pulled up the firing handle,
percent (5 out of 17), as shown Figure 1. located between his knees, the rockets

ignition took him by surprise, so he
I.- Starting ejection: In Case number 6,in egressed in wrong posture. Finally, 2 more
which the pilot was killed, all parameters pilots thought that their sitting posture
about the moment of ejection are unknown, might have been inadequate.
Regarding the remaining cases data are as
follows: 2.- Zaress and parachute descent:

There were no major problems in these
1.1.- Control of the aircraft: At the phases. Both were attained in all cases
moment of ejection, only 4 pilots had without difficulties, except in 2 cases
total control of the aircraft and all where ejections were at a very low
pilots were alive, in 15 ejections the altitude. Both ejections were outside the
pilot had no control of the aircraft, and design envelope of the escape systems, and
2 pilots were killed. See Figure 2 the parachutes were not deployed.

Concerning remaining ejections, not one
1.2.- Altitude of the aircraft: In the 4 pilot had contact between the parachute
ejections in which pilots had control, lines and legs or arms, and the deployment
only 1 took place at very low altitude, of parachute was perfect in all cases.
less than 200 feet. The pilot survived. There were slightly problems as back
There were 3 more ejecLions at low pains, haematomas etc. Only in one case,
altitude,in which pilots lacked aircraft the helmet was lost. About 30 % of all
control, from these only 1 pilot survived. ejectees had a limited chance to prepare
The 16 remaining ejections, were at for landing, due to injuries, or a
altitude ranging from 1000 ft to 14.000 parachute descent of only a few seconds.
ft. See Figure 3.

3.- Landing: There were 3 landings on
1.3.- Attitude of the aircraft: Even water, with temperature ranging from 122
though the pilot had no contrc! in five to 222 C, (average of 172 C). All pilots
out of the 15 ejections, the aircraft used automatic life preservers that
behaved normally without changes in its inflated correctly. Remaining landings
attitude. The remaining ejections, were were on the ground. One pilot, who had
made from more or less violent diving or lost his helmet, was caught in a tree and
tumbling the aircraft. See Figure 4. remained hanging near the ground until he

cut the lines. He was slightly injured on
1.4.- Speed of the aircraft: All ejections his face. Another one was entangled in the
were made at speeds ranging from 150 to retention strap of his survivdl kit. 3
250 knots, except Case number 12 which was pilots were killed: 2 of them due to
made at 350 knots. See Figure 5 failure of deployment of the parachutes.

One hit a tree trunk, after loss of
control during landing procedures, just

1.5.- 0 forces load: All aircrafts before the man-seat separation phase was
involved in ejections were under I G, completed, the other hit the ground. The
except 6 cases which supporting loads of third pilot was dragged away by high wind.
Go ranging from 1 negative G to 4 negative
Ge. See Figure 6



4.- survival: Out of 14 successful moment of landing, and he suffered several
ejections on land, in only 3 of them, were fractures in both legs. The other had two
the pilots unable to be active: Cases 3, 7 fractures in his right leg probably due to
and 8. The remaining situations were both, imperfect landing technique and
generally uncomplicated. Out of 3 excessive weight. This pilot, after beiny
successful ejections on water, orly one discharged from hospital, was removed from
pilot used his liferaft, this was because flying status. One pilot suffered a
his rescue team arrived about 30 minutes pneumothorax in both his lungs. No rib
after he reached the water, fracture ,:as found. In addition, he 'Rd

several petechiae in his upper half body
5.- Rescue: All pilots were rescued within and specially a great conjunctival
3 hours after landing. 2 out of 3 pilots haemorrhage in both ey-. Probably all
who were caught in the water were rescued these injuries were due to dynamic
by helicopter within the following 30 pressure. There was only one pilot whose
minutes after the:-r mishaps took place. joints were injured caused by wrong
The third was rescued inmediatelly by a landing. His left ankle was the joint
fishing boat. Its crew saw his parachute injured. There were 2 pilots with minor
descent towards the sea. Most of the 14 fractures: One in his foot, and other in
pilots who landed on ground, were also his hand. Regarding skin injuries, 7
rescued by helicopter, and no medical pilots had scratches, haematomas etc.. the
treatment was given to them by rescue most frequent sites of injuries were the
teams. Three non injured pilots were shoulder due to harness compression, the
helped by people and were taken to the face caused by the oxygen mask, and the
nearest tcwa,. lower legs. And finally, 4 pilots suffered

from muscle soreness, especially neck
Hospital care: Each and every pilot that pain, probably due to ejection forces or
survived was examined at the hospital none perfect landing. See Figure 10.
inmediatelly after their rescues. 2 or 3
hours after their physical examination, Post-mishap behaviour: There was not a
that included X-Ray, 8 pilots left the survived pilot with physical sequelae
hospital and resumed flying duties the except Case n2 7. Regarding psychological
very next day. All of these pilots, but sequelae, among all pilots that
one, kept on flying norn'ally. The reason successfully ejected and resumed their
was that the latter suffered from back flying duties, 3 declared: that after the
pain during his first flight, because of mishap they felt more conlident about
that, he was medically disqualified for flying than they were before, so they
flying for 3 more days. The remaining trusted their ejection seats now. This
pilots, 9 out of the total, were opinion is often found among pilots that
hospitalized for time ranged between 2 were not injured. However., most pilots
days and 45 days. See Figure 8. They consulted, declared that their attitude
resumed normal flying duties after their concerning flying had not changed after
discharge from hospital. It took between 1 their mishap. Only 2 pilots had
week, and 6 months. Only one pilot, Case psychological problems: One of them was
number 7, with right leg fracture, was removed from flying status due to his
classified as definitively removed from injuries. The other one, after his total
flying status. See Figure 9. recovery, flew for some months the same

type of aircraft. Nevertheless his
Review of iniuries: 4 pilots suffered psychological problems increased, so he
spinal fractures: Cases numbe-s 1, 9, 12 was stationed a different air force base
and 18. 3 out of them had fractures in and he continued flying a different type
levels T-11, T-12, L-l, with moderate of ai-craft. Nowadays, he still recalls
compression, except in Case number 9, who his mishap frequently. As consequence of
had a fracture in T-12 including 25 that his flying activity is dying down.
percent of vertebral body crushing. The Probably we have more pilots with slight
fourth pilot suffered a fracture in his psychological problems, but they are not
coccyx. It is probable that most of these shown.
fractures were due to ejection forces in
combination with wrong sitting postures. In our inquiry, sent to pilots, we were
Out of 4 pilots, only one, Case number 1, searching their opinion about two types of
had declared that his posture was training: Ejection seat simulator
inadequate. However, later investigations training, and parachute training just from
about cases 9 and 12, showed that their the tower. Pilots's opinions are very
back could have been slightly separated significant. Regarding ejection seat
from the seat at the moment of egress. In training, 65 % of pilots claim that it
Case number 18, coccyx fractured, the might be positive for the completition of
sitting posture was good and the etiology their professional training, being
of fracture was unknown. The legs of 2 especially concerned about adopting the
pilots were fractured. One of them right posture. Remaining 35 % declare that
entangled in his survival kit at the this not improve their standard training.
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See Figure 11. On the other hand, that both types of training: ejection seat
regarding parachute traininq, (3 none simulator and parachuting tower may have
injured pilots had accomplished several decreased significantly the number and
parachute jumps before their mishap), 88 % seriousness of injuries during ejections.
agree in the necessity of tte parachute In addition, it is necessary that pilots
training tower, because that might inprove begin to fly again as soon as possible
their landing techniques. Only 12 % after a mishap or total recovery, in the
answered negatively when asked about this case they had injuries. Consequently they
matter. See Figure 12. can avoid psychological troubles that

often appear when pilots resume their
DISCUSSION: The present study anmlyzes the flying duties too late.
medical consequences of ejections in
Spanish Air Force pilots. Data referring
to aircraft has helped us to understand
how the ejection took place, but our aim
is not to analyze how nor why the mishaps
happened. The most important problem in
flight is the pilot's situation awareness.
After his former analysis of the problem,
and perhaps several attemps in emergency
situations, the pilot decides to egress.
In addition we ntave no doubt about the
many important factors surrounding pilots. REFERENCES.-
Their selection, training, experience and
psychophysical condition may modify the I.- HILL, IR.: Mechanisms of injury in
result of ejection. For example in Lwo out aircraft accidents: A theoretical
of the three fatal ejections discussed in approach. Aviat. Space & Env. Medicine.
this paper, it is possible to blame the 60, (7 suppl). A-18-25. 1.989.
pilots' failure to identify and handle the
emergency in diw• time, because the final 2.- ROTONDU, G.: Ejection seat related
cause that led to ejection waa place out vertebral lesions: Mechanisms, diagnosis,
of the seat safety limits. Nevertheless, consequences and means of prevention. Rev.
the pilots may have some time to prepare Med. Aeronaut. Spaz. 38, 313-5. 1.975.
the ejection, injuries may occur either in
the egress or in the lariing phases (1, 2, 3.- PIRSON, J.: A study of some factors
3, 4). So we must consider two aspects of influencing military parachute landing
their training: Sitting posture and injuries. Aviat. Space & Env. Medicine.
landing technique. Five pilots were 56, 564-7. 1.985.
injured by inadequate sitting posture.
Most authors agree to point out that 4.- SILAI, M.: Lower limb injuries in
posture is the most important factur to parachuting. Int. J. Sports Med. 4, 223-5.
avoid spinal injuries, (1, 2, 5), even 1.983.
when the Dynamic Response Index of the
seat is high. In our study, we have fuund 5.- SNADSTEDT, P.: Experiences of rocket
a significant relationship between sitting seat ejections in the Swedish Air Force.
posture and the number of injured pilots: 1967-87. Aviat. Space & Env. Medicine. 60,
83 % of the pilots with adequate sitting 367-73. 1.989.
postures were not injured, while 80 % of
the pilots with inadequate postures
suffered from some injuries. See Figures
13 and 14. We agree also with other
authors, (2, 5), on the percenuage of
injuries and its more frequent location at
low thoracic spinal levels. Regard.ng
injured pilots at the landing phase, our
conclusions are similar. See Figure 15. We
have found 7 injured pilots and one pilot
killed in that phase. They made 58 1 of
the total injured pilots. The pilot who
was killed, suffered "•tal injuries when
he was dragged away by violent wind.
Probably he was unconscious and unable tV
control the parachute. Concerning these
pilots, we should consider all their
injuries as the product of incorrect
landing techniques (3, ), and in one
case, the combination of both: incorrect
technique and excessive body weight. In
summary, after this study, we can presume



TABLA I

DATA OF PILOTS

Age Stature Weight Fl.Hrs

Max 47 190 90 4700

Min 23 166 60 280

Avg 32,8 174,4 72,8 2003,5

Std 7,28 6,71 8,41 1386,01

Lt.Cot. Gar~fa Atcdn

TABLE II

KIND OF EMERGENCY PRECEDING EJECTION.

TECHNICAL FAILURE

A.- Fire or Explosion .................................. 3
B.- Control system failure ............................. 3
C.- Structural failure .................................. 3
D.- Engine flame out ............................. 2

COLLISIONS

With Bird ..... ............ ........ .....................

LOSS OF CONTROL

At low speed and altitude ......................... 2
At high speed and altitude .............................. 6

Lt.Coi. Garcfa Atcn
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1. SUMMARY
Most traditional accident prevention programmes are based Valuable though this approach is, it suffers from two
on information gleaned from accident research. While fundamental weaknesses. In the first place. many accidents

acknowledging the contribution from this approach, two are the product of a unique chain of circumstances, with
difficulties can be identified. First, many accidents may be perhaps little that can be generalised. In the second place,

the product of a unique combination of circumstances. it is essentially a 'reactive' process ie it occurs after the

Second, the whole process is 'reactive'. In contrast, the event.

research initiative reported here begins with the premise
that the components of any organisation may already hold Also, to concentrate exclusively on the information

much information which could be relevant to safety contained in accidents would appear to overlook other
research and which could be used 'proactively'. potentially fruitful areas. For instance any organisation

which controls the progression of personnel through

The approach seeks to exploit the fact that many various component stages by means such as training

organisations operate a 'closed system' whereby they and/or examination, is likely to possess other data which

control and monitor the throughput of personnel with could be employed to improve flight safety This is

some degree of objectivity. The research programme especially likely to be the case the more the organisation
described is essentially data-driven and focuses on represents a 'closed system', as is the case with most

identifying sources of information concerning flying service situations.
behaviour which could contribute to flight safety and
accident prevention. Thus the programme seeks to 3. AIM
establish points of 'proactive intervention'. The aim of the project is to examine the various

component parts of the UK Army Air Corps to identify

The community involved in the study is the UK Army Air sources of data which might serve as potential points of

Corps (AAC). The research programme has examined 'proactive intervention'. As the programme is ongoing,

aspects of the selection, training and operational sub- the aim of this paper is to provide a brief overview of the

systems of the UK Army helicopter community, in addition methodology, drawing upon illustrative examples where

to traditional accident information, appropriate to convey a flavour of some of the research.

A novel feature of the methodology outlined in this 4. METHOD
programme is that each of the areas can be considered as
stand-alone modules, capable of providing useful 4.1 The Organlsatlon
management information in their own right. Taken A simplified overview of the throughput structure of the UK
together, they represent a powerful and integrated approach Army Air Corps shows how potential pilots pass through
to an organisation's flight safety and accident prevention various stages of selection and training before joining a
programme. unit. Figure 1 shows that there are a number of component

'modules' which can be idcntifit, a:. potential sources of
2. INTRODUCTION data to supplement the usual information obtained from
Traditionally, accident prevention has begun with the accident analysis. Progress in investigating each of these
analysis of accidents. The purpose is both to provide an modules is summarised below.

understanding of the underlying causes and to furnish
evidence which can be used to prevent a recurrence. The
focus therefore tends to be exclusively on the specific _ .
events surrounding the accidents themselves. FG"*WB Il ,AR
Investigations seek to establish precisely what occurred.
and subsequently by highlighting aspects ji,.4Zx! to be
undesirable, attempts are made to influence the future Figum 1 MAAC Throughput
behaviour of the community via a 'lessons learned'
approach.
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4.2 Selection range restrictions which occur as a consequence of the
The AAC takes candidates for pilot training from both progressively smaller numbers advancing through the
civilian life and the services. Initial stages of selection system.
involve aptitude testing at the Officers and Aircrew
Selection Centre (OASC) at RAF Biggin Hill. There, When the current exercise on this phase is complete, it will
candidates perform a number of computer-based tests of furnish additional information not previously available on
psychomotor ability, cognitive functioning and the predictive power of variables such as age, rank and the
instrument comprehension (although the number and rclevance of previous experience. This area will be worthy
nature of these tasks is currently under review). Civilians of further study in the future given that OASC are to intro-
also have to pass a Regimental Board which assesses their duce additional tests into the battery. Finally, a finegrain
general suitability. validation exercise of the new selection battery will be

conducted in conjunction with the next module covering
Under :bormal circumstances successful candidates are then training.
sent on a flying grading course (FGC). Unlike the initial
computer-based selection tests which are designed to 4.3 Training
capture essential elements of required skills, flying grading From the outset of the project, one fundamental aim was to
consists of 13 hours of actual flying in a fixed wing make the exercise data-driven wherever possible. This
aircraft. During this period experienced instructors assess search for quantitative evidence prompted an examination
the candidates' pilot aptitude. Those successful at this the training area where a large amount of data was known to
stage are awarded a place on the army pilots' course (APC). exist. This provided abundant evidence of both success and

failure at 'real' flying tasks.
With regard to this module, the research programme is
engaged in searching for the best predictors of success, and Following successful selection and flying grading,
in identifying failure at the earliest opportunity, thereby candidates on the army pilots' course progress thjough
ensuring the most cost-effective selection system and a three phases of training: basic fixed wing (BFW), basic
safer pool of pilots. Initial findings indicate that 'real' rotary wing (BRW) and advanced rotary wing (ARW).
flying (as represented by the flying grading course) is a Throughout each of these phases their progress is recorded
much more powerful indicator of success on the pilots' in a training record folder. On each sortie flown students
course than the computer-based tests alone. Calculations are assessed against 21 basic abilities. For each of these,
based on a sample of almost one thousand trainee pilots performance is graded on a four point scale, and the sortie
showed that the APC pass rate was 71.02% and the failure itself is given an overall grading according to the same
rate was 26.69%. However when the sample was broken scheme. This information is colour-coded onto a summpry
down into those who went through flying grading prior to sheet, (blue =above average, green = average, brown =
the APC and those who did not, it revealed that the pass below average and red = fail). This multi-coloured matrix
rate in the former was 78.7% while in the latter group it provides the instructor with an instant visual picture of the
was only 66.5%. Table I shows the numbers involved student's progress. (Written reports on each sortie supple-
expressed as a Chi square contingency table, with the ment this summary should the instructor wish to consult
expected values in brackets. Using Yates' correction, Chi more detailed information on specific exercises). How-
square = 15.597879. The result is significant (p < 0.001, ever, until the current research, these records had been
df = 1). employed solely to check on the progress of individual

students. Even then none of the information was employed
statistically. There were therefore no scores which could

APC OUTCOME be used to illustrate norms or averages for groups r-f
students.

Non FGC FCC
Two approaches have been adopted with r,'w--ird to these

PASS 403 281 284 data. The first attempts to produce a toe vthich could be of
(429.6) (254.4) use to management in general and th i istructors in

APC particular. The second represents I ,e beginning of a
FAIL 188 69 257 research effort to examine the c-,.iiepts underlying the

(161.4) (95.6) training/assessment system with a view towards
strengthening the appraisal process.

591 350 941
4.3.1 Underlying Co, cL pts - Management Tool
The initial search fi ,.onsistencies or patterns was done by

Table 1 Contingeoncy Table of Training Outcomes computing the br %, n and red gradings (ie scores
representing bq low average performance) for a sample of

This may not be particularly surprising. However, expense student pilo:r. Figure 2 shows typical 'Error Rating
and the limited number of FGC places would prevent it Profiles' 'EkPs) obtained from such a sample when the
being used as the sole means of aptitude selection. In any scores are calculated in this way. (The term 'profile' here is
case. although the test battery correlates relatively weakly not meant to imply a mathematically continuous function,

.ýh the final outcome of the APC, it correlates more i" is merely a convenient descriptive label). It is
strongly with the FGC outcome. It therefore does perform immediately obvious from Figure 2 that there is a regular
the function of a useful screening process. The selection pattern to such a function, with most of the errors judged to
data is currently being computed with corrections for the have been committed against a sub-set of the basic
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abilities. It transpires that this pattern is non-random, and
although there are subtle differences for particular types of (a) BFW

sortie and different phases of the course, these too would Factor % Variance Explained Cumulative %
appear to contain consistencies. With very little effort 1 36.7 56.7
therefore, a tool can be made available to enable 2 12.0 68.8

3 10.3 79.0
instructors to compare any student's performance with 4 7.2 86.3
group norms from any phase of the course. Such a
pragmatic technique could be of particular help to new Fato Iactor 2 FaAor 3

Flexibility Lookout Checks
instructors. Stability Attitude Cockpit Managt.

Anticipation RJT
Percentage 12rrors Accuracy Rule Following Factor 4

25 - . Awareness
Recall Rule Following
Div of Attention Obs a/c Limits
Co-ordination Captaincy
Visualisation

20 -- Captaincy

15 (b) 8kW
Factor % Variance Explained Cumulative %157.9 57.9

212.5 70.4
3 8.2 78.6

"l0 Factor I Factor 2 Factor 3
Div of Attention Captaincy Rule Following
Flexibility Attitude R/T
Anticipation Stability

5- Awareness Obs a/c Limits
Control Action Lookout
Co-ordination
Recall
Visualisation

0 • Accuracy

Basic Abilities
(c) ARW

Figure 2 Error Rating Profile
Factor % Variance Explained Cumulative %

1 51.0 51.0
The extent to which such patterns can be used m a 2 13 5 64.5
predictive fashion is explored in more detail elsewhere (Ref 3 59 70.4
1). Suffice it to report here that aspects of these early 4 5.4 75.5

patterns appear to be potentially enduring indicators of FactrI Factor 2 Factor 3
performance well beyond the APC. For instance, during Div of Attention Crew Co-operation Cockpit Managt

Recall Briefing Flexibilitythe course of this work the senior author was contacted by a Accuracy Captaincy
commander in the field who wished to discuss the flying Control Action Planning Factor 4
performance of one of his pilots which he considered to be Co-ordination Lookout

Awareness Attitude
unsafe. When the training records of this pilot were Rfr
subjected to 'Error Profile' analysis it was found that the Visualisation
functions obtained were more closely related to the average Anticipation

fail function than the average pass function.

4.3.2 Underlying Concepts - Appraisal System Table 2 Pnncipal Component Analysis Performed onia) Basic
Fixed Wing. (b) Basic Rotary Wing and (c) Advanced Rotary

The other main thrust of the research work on the training Wing Phases of Training
area has concentrated on laying down the groundwork for a
more objective appraisal system. This has begun modestly Concerns such as these are being pursued with the aid of
by attempting to uncover precisely how the various basic subsidiary semi-structured interviews and follow-up
abilities combine when subjected to factor analytic questionnaires.
techniques. Table 2 illustrates this with the results of a
principal component analysis carried out on each of the Finally, the apparent differential value attached to a sub-set
three phases of the APC. This shows that the basic of the basic abilities has raised the opportunity of
anilities tend to reduce to three or four core sets of attempting correlations between the selection battery and
elements, with some subtle differences between the phases. specific capabilities. This, plus examination of the
Factors are listed according to their weightings. records of those suspended from the course, affords a much

more finegrain validation exercise than has ever been
The next stage of this work is being conducted on a number possible before. Such analyses will be particularly
of features, including addressing questions of content important in the development and validation of new tests.
validity. For instance clarification is required on precisely
what the instructors mean by some of the terms, and what
specific behaviour constitutes a pass or fail grade on these.
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be frowned upon as potentially subversive because they

4.4 Operational Aspects appear to offer a mechanism which could undermine the
The term operational is used here to cover all those who chain of command. At the level which represents the
have passed the APC and have now joined units in the field - potential source of reports, there is often considerable
essentially all line pilots. Of these, some will return for scepticism over confidentiality. This is particularly the

further training such as conversion courses onto other case in small organisations where it is felt that divulging
helicopters, or to undergo aircraft commanders' courses. detailed information will automatically identify the
With the exception of these courses (which are perpetrators to the community, even if names and units are
considerably shorter than the APC and where the data is withheld from general release.
particularly sparse), there is little in the way of data which
can be tapped in the same way. The only other recorded Within the AAC, the first trial year of a new confidential
information is that which is available from the six- reporting system has just been completed. The essential
monthly checkrides on pilots carried out by standards difference from the previous, (tri-service system), is that
officers. all reports are now sent direct to the Head of the Human

Factors Unit (the senior author), who alone retains

Because of the paucity of objective data in this area information about the report's originator. As a CIVILIAN
techniques have been employed to elicit subjective adviser this position is clearly perceived as independent of
comments and opinion. Confidential semi-structured the chain of command. Thus far the experiment appears to
interviews have been conducted on instructors, line pilots have been successful, with a fourfold increase in reports,
and aircrewmen of differing experience levels. Such areas and information on a variety of topics including some
as personal attitudes, motives and particularly operational dangerous flying practices.
pressures, are being probed in an effort to provide general
views on the operations area. The information obtained To the extent that such reports can emanate from anywhere
from this phase of the project, although less easy to in the system (eg operational or training environments),
quantify than the rest of the data to date, helps to define the they provide opportunities to tap the social, managerial,
social and organisational ethos. Such material is of vital command and organisational pressures being exerted.
importance because flying skills are not employed in a
vacuum. This area of the project therelore attempts tap the 5. CONCLUDING COMMENTS
organisational culture and to put the flying behaviour into The research programme outlined here has argued that
a realistic context. programmes of accident prevention ought not to focus

exclusively on accident analysis for their material.
4.5 Accidents. incidents and near-accidents Organisations are made up of a number of components
Finally, the area traditionally associated with accident which are likely to contain information which could be
prevention requires to be addressed ie accident analysis. relevant to proactive approaches. The case has been made
Typically such analyses reveal that human error is using the example of an ongoing research programme
responsible for the largest proportion of accidents (eg Ref being conducted on the selection, training, operational and
2). In the context of this programme, a database of accident databases of the UK Army Air Corps.
accidents is currently being examined to establish the
accident profiles, and to investigate what relationships The approach demonstrates that each research module is
exist between these and the information elicited by other capable of yielding valuable information to guide
parts of this research. Particular consideration is being management. However as the components are also
devoted to establishing which aspects are attributable to interdependent, it is argued that only by taking a total
flying errors (and may therefore reflect the error profiles or systems approach is it possible to provide an 'integrated
the factor analysis performed on the training phase), and whole' which is greater than the sum of its parts. Figure 3
which are the product of particular pressures (and may be summarises this integration and identifies the main areas
supported by the material obtained in the operational of proactive intervention.
interviews).

However accident analysis is only ever likely to be ..--A1__)]_.P•-- PILOTSCOURSE

touching the exposed tip of the 'error iceberg'. Clearly a IP"C B' I sw I ARW .
great many accidents are only narrowly avoided, some ________________It I
knowingly, others perhaps not. The forner may be tapped Seti '•aitng Opeia0sonal Tasing

by other methods such as incident analysis. Here only the P,.Ocson ot Co•,s. Erto¢ PrOfileS Pr$•utg$ wn
semantics of a categorisation scheme may separate an Sccess Prldce Models Decson-mang

incident from an accident. eg by the degree of damage or a

injury sustained. AccAdntfnclaonNea,.accyions

Many incidents which were close to becoming accidents Fig•i• 3 AAC Throughput Souroes of Data & Points for
may never be reported because of the possible attribution Proactly Intervention

of blame. Yet such occurrences are equally valuable sources
of material, both in helping understanding, and in 6. ACkNOWLee MeNtS
providing additional information to assist prevention. In This work has been carried out with the support of Aviation
order to tap these events. organisations need effective Standards branch of HQ DAAC. The co-operation of Army

confidential reporting systems. Military systems typically Air Corps personnel is gratefully acknowledged.

do not favour such schemes, At senior levels they tend to
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1. SUMMARY 5 damage (where cat 5 represents scrap value only), or
Aircraft accidents can be categorized in a number of where fatalities or, ajor injuries have been incurred.
different ways (eg aircraft type, amount of damage, nature
and severity of injuries sustained). Similarly, causation (This scheme has been altered recently to exclude cat 3, but
can be attributed to a variety of different factors (eg aircrew the old scheme was in operation for all the accidents
error, technical failure, operational hazard). Of all the examined in this review). For the current review all
labels used in such schemes, the one which consistently accidents involving hostile action have been excluded.
dominates the list of causes is that referred to as 'human Figure 1 shows the AAC accident rate expressed as a
error'. In this respect the accident statistics of the UK function of 10,000 hrs flying (some 281 accidents in total)
Army Air Corps (AAC) are no exception. However a label over the last 25 years. Both fixed wing and rotary wing
such as 'human error' is not particularly enlightening with accidents are included in these data although FW only
regard to accident aetiology, nor does it immediately accounts for 11.03% of the total, and 6.35% of the
suggest obvious areas for remedial action. To satisfy these accidents in the last decade.
requirements, more detailed categorization -schemes are
necessary. Three such schemes were applied to a sample of
recent AAC accidents for which human factors
investigations were available. Two of the schemes ,' ,

(Feggetter. Ref I and Chappelow, Ref 2) had been
developed within the field of aviation accident
investigation while the third (Reason. Ref 3) represented 2ý
recent developments wititii cognitive psychology. To
date, around half of the accidents held in the database have 15V
been subjected to analysis. Preliminary results suggest
that while all the schemes were useful, one particular
scheme (Ref 2) was easier to implement than the other two, I
provided a good understanding, and indicated areas for /
remedial action. The exercise is being extended to cover a i

larger sample.
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2.1 The Army Air Corps Year
['he UK Army Air corps (AAC) currently runs a fleet of well

over 300 aircraft. The fleet is predominantly made up of Accident Cateoory
rotary wing (RW) craft, with Gazelle (161). Lynx (1(An).
and Scout (33) helicopters. In addition to these, some 22
Chipmunk fixed wing (FW) aircraft form an essential part
of the training squadrons, and a further 7 Islander aircraft Fgure 1 Accident Rate - Total Accidents and Human
complete the fleet. Approximately 100,000 flying hrs are Error Accidents

flown each year although no details are available on how The solid line in Figure I shows a steady decline in AAC
many landings and take offs this might include. accidents from a peak during the sixties, and with the

2.2 AAC Accidents - Some Basic Statistics exception of an aberrant peak around 1979, the curve
The last review of AAC accidents (Ref 1) concentrated on appears to approach asymptote just above .5. The brokenmedical and survivability aspects Of rotary wing accidents line in Figure 1 represents those accidents caused by human
medicalpeaid suvvblty asp2.Thectsufrontaurvy w accdents error. This also shows a decline throughout the period

i the period 1977 to 1982. The current survey covers (again with the exception of 1979), although it does not
parallel precisely the decline for all accidents. Indeed it is

RW and concentrates on human factors aspects- clear that while the total accident rate has decreased, that

2.2.1 Accidents 1965-1991 proportion of accidents attributable to human error has
For the present purposes an accident is defined (according actually increased during the period. This is illustrated inFor tS318) aswhepe t rpoes an airccidt isu dined (agordin 3.4O Figure 2 which shows that human error accounted for some
to JSP 318) as where the aircraft sustained category 3. 4 or 60% of all accidents during the late sixties but that this



proportion had risen to around 90% during the last decade, above. However such a statement is of little practical
By way of partial explanation, it should be noted that the value. By itself it does not assis,' with unravelling the
composition of the AAC fleet has altered during the course
of the period under review. One fundamental cause of the ,rctow Error
early, 'unavoidable', high accident rate was the largc (5 75

number of technical/mechanical faults which developed
with earlier, less sophisticated (piston engine) types of
helicopter (eg Skeeter). The current fleet of turbine
powered aircraft have proved to be much more reliable and
less likely to develop catastrophic mechanical failure.
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20 -aetiology of what happened and why it happened. Nor does
it help in suggesting precisely where remedial action can

I .be applied. In order to resolve these questions, more
M65 1970 197 Ya 1980 1985 1 detailed information concerning the accidents themselves

is necessary.

Figure 2 Human Error (HE) Accidents - HE Accidents as a
Percentage of all Accidents Following the practice begun by the UK RAF, the AAC

requested that Defence psychologists conduct independent
For nstance there were 29 rotary wing accidents confidential enquiries as part of the post-accident
categorized as technical failures during the period 1964- investigation process from the late 197 0s. These human
1970. and while the comparable figure for FW during the factors (HF) investigations draw upon a number of sources
period was 4 (22.83% and 3.15% of all accidents of information including confidential interviews with
respectively). survivors, colleagues, witnesses and the chain of

command; personal and training records of those involved;
2.2.2 Accidents 1982-1991 and examination of all relevant documentation. These
Figure 3 shows accidents for the last decade broken down investigations contain a vast amount of information which
into their major cause categories. This shows aircrew error up until now has not been collated across accidents. In
as the largest single category. This agrees with the order to benefit from this detail in a way which could
previous survey (Ref 1) and indeed appears to be the case further understanding of the human factors underlying the
whatever time periods are selected. When the AAC acquired accidents, some form of coding system is necessary.
more sophisticated aircraft such as the twin-engine Lynx,
fears were expressed in some quarters that benefits from the 2.3 Error Taxonomles
more powerful aircraft might be offset by difficulties in There are two problems with this. First there is no
servicing a more complex machine. At first sight this geierally accepted taxonomy of error; most seem to have
would appear to receive support from Figure 3 which shows evolved to serve the need of the specific community with
a very large proportion of accidents due to servicing error, which they are associated. Second. even a cursory search
However, closer inspection of the accidents making up this of the literature reveals around 40 possible taxonomies
figure reveals that a very large number were actually which are currently in use (Ref 5). These vary fom
Iground accidents'. These occurred during servicing, but checklists containing more than 700 items (Ref 6) to those
were caused while the aircraft were being moved, either in containing only three or four items (eg Ref 7). One of the
or out of hangars, from bay to bay within the hangar, or on principal problems in employing an example of the former
and off jacks. Therefore while all these accidents represent is that one would need a vast database of accidents to be
'legitimate' human error accidents caused during the able to produce any meaningful trends. On the other hand
supervision of service-related activities, the statistics do very few categories would appear at least superficially to
not reflect the complexity of servicing operations. Indeed offer little more than the broad classification already
when these ground accidents are removed from this available in Figure 3.
category, the figure drops to 2.75%. a figure which is
almost identical to the 2.55% attributable to servicing Three such schemes were selected for initial consideration
error during the period 1965-1979 and only a slight (Refs 1, 2, 3). Two were devised by practising aircraft
increase on the 1.59% recorded during the period 1965- accident investigators (Refs I and 2) and therefore owe as
1970. much to their own personal experience as to knowledge

already available in the literature. The third (Ref 3) was
When added together, the aircrew, servicing and the 'other' developed by an academic intimately involved with
error categories make up the total attributable to human developing a theoretical basis for the understanding of
error, with the largest category aircrew error as noted human error, especially as it applies to major disasters.



The principal headings for all three schemes are listed in the three classification schemes selected to determine their
Annex A. respective utility. The criteria employed to determine this

were (i) the ease of the encoding operation, (ii) the extent
The first taxonomy under consideration here was proposed to which common themes were uncovered and
b,. Feggetter (Ref 1). [The same author went on to advance understanding advanced, and (iii) the degree to which they
an intelligent-system-based approach, but this will not be indicated remedial action.
addressed here (Ref 8)1. There are two principal strengths
of Feggetter's original scheme. The first is that it adopts a 4. RESULTS
Itotal systems approach'. That is to say it includes such
headings as 'life stress' events and personality as potential The exercise proved to be more time-consuming than
contributors to the accident milieu. The second advantage anticipated. To date around half of the accidents held in the
is that Feggetter's classification is linked directly to h,'r database have been subjected to analysis. Results are
development of a human factors checklist wshich she recom- therefore preliminary.

mends be employed by the HF accident investigator during
the inquiry, thereby ensuring a direct link between inform- 4.1 Accident Breakdown
allon collected and the categories used during encoding Table 1 provides a basic breakdown of the 25 accidents

considered to date. Scrutiny of the database has revealed
The second classification scheme to be examined was that those identified as major categories are the same as
devised by Chappelow (Ref 2) and was based on the would be indicated by consideration of all accidents on
retrospective analysis of , corpus of 149 HF record. The sample can theref-re be taken - being fairly
investigations of RAF accidents, the majority of which he representative. All accidents in the sample except for one,
had carried out himself. During the analysis the scheme involved rotary wing aircraft; all refer to daylight
evolved in something of an iterative tashion. Although it accidents; and b0% involved the carriage of passe.,gers.
shares a number of items with Feggetter's scheme, t'e
principal advantage of Chappelow's coding system lies in
the fact that it permits a hierarchy of attrihution levels. B• Phase of Flivh
Fiist, there are predisposing conditions, laLflled 'Aircrew Ground 4%
Factors', some of which may be uniter the contrcl of the Take Off 12%
individual while others may not. This category includes Transit 16%
items such as personality and inexperience. Next, a Low Level 12%
number of items are deemed 'enabling factors', conditions Approach 5%
which make it all too e, for errors to occur. These are Hover 4%
labelled 'System Fact,crs' and include ergonomics, training, Landing 36%
and high workload. Finally, those errors committed in the
immediate temporal /,one of the accident are deemed 'Modes By Sortie Type
of Failure'. These include headings such as cognitive Air fest 8%
failure, inapprepriate model and disorientation. Casevac 8%

Exercise 8%
The third classification scheme selected for consideration Familiarisation 8%
is the generic error-modelling system (GEMS) developed General Handling 8%
by Reason. Although versions of this appear in earlier Ground Incider.t (riot included)
publications, the most elaborate exposition is given in his Mountain Flyin,- 4%
recent ox)ok (Ref 3). This scheme is an example of the Training (unspecified) 24%
most recent theoretical developments within the field of Transit 16%
cognitive psychology by someone closely associated with Troop Insertion 12%
investigating human error. Acknowledging a debt to the Other 4%
earlier models of Rasmussen, (Ref 9). and Rouse. (Ref 10),
Reason attempts to present an integrated picture of the Environmental Conditions
error mechanisms underlying action slips or lapses, and Strong Wind 28%
mistakes ie rule-based errors and knowledge-based errors. Overcast 12%
GEMS links these fundamental error types to the levels of Raining 4%
performance with which they are associated. In this way, Snowing 12%
errors are treated as a natural component of human Haze 12%
behavicur. Thus slips and lapses are a.,;ociated with skill-
based performance were typically smooth, automated and
routine patterns of behaviour fall prey to fail Ares of Table 1: Basic Accident Breakdwn for the Sample

.,iention. Mistakes on the other hand are divided into rule- Examined
based errors and knowledge-based errors. both of which are
seen as the product of problem-solving activity. In the As can be seen from Table I. the majority of accidents
former, matches with previous familiar patterns are occur during phases %,;here a high rate of information-
attempted. In the latter mistakes are seen as the product of processing is demanded of the aircrew. In terms of sortie
incomplete knowledge or faulty diagnostic logic, type, training flights are most commonly associated with

accidents, closely followed by transit flights and troop
3. AIM insertions. Strong wind is cited as the most common
The aim was to encode a corpus of HF reports according to environmental correlate
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4.2 The Principal HF Categories insuuctor also appe'"s to be important, and those most
The human factors reports for the 25 AAC accidents were vulnerable to th,. situatin are those described as ' ,cry
coded according to the three classification schemes conscientious" or "keen for their students to perforn well".
outlined above. The principal human factors which wee Th.s the naive instructor, anxious for his student to get
uncover. d as a result of this exercise for each of the maximum value from the lesson, fails to intervene to take
classification schemes are listed in Table 1. The figures control until too late in the manoeuvre. In an exercise with
refer to the percentage of accidents where that category was small margins for error, this degree of trust is clearly
cited. Categorie. are not mutuaily exclusive, misplaced.

Reason's error classification shows that the most common
Feezetter error committed was that of skill b?%ed slips and that more
Attention 64 Habits 52 Speed and motion 40 than half of these were down to inattention. However it is
Decision 64 Personality 52 Aititude 36 also evident that L large number of faulty decisions ,ere
Perception 44 Training 44 due to rule-based mistakes. These were more often due to
Action 40 the application of 'bad rules, rather than the

misapplication of good rules implicating both training
Chaopelow deficiencies and disregard for regulations. Fewer
Lack of Inappropriate occurrences of knowledge-based mistakes were judged to
airmanship 60 Training 52 decision 68 have been found in the accidents i.e. where the pilot
Personality 52 Briefing 48 Overarousal 44 engaged in slow serial problem sl ..ng activity.

Administ-
ration 44 Distraction 36 4.2.2 Personality

Reason The influence of personality is seen as very strong ar,d
Skill based 64 appears in both Chappelow's and Feggetterls schemes.
Rule based 44 Where the scheme permits further links (Chappelow). this
Knowledge ba.ed 40 shows dt has also been associated with a lack of

airmanship, a lisregard for rules and problems if crew
coordination in a number of recent accidents. Personality

Table 2 The Pnnopal HF Categor*s Expressed as Percentages features both in accidents where the event is linked
'or each C lassifi,;atiun Scheme strongly to an individual's cogniti, x style and in accidents

Most accidents revealed several human factors aspects and where consideration of crew composition was important i.e

some revealed up to twele contributory factors. To some (the interaction of personalities). A number of recent
estent, only a combination of all classific' :ion schemes accidents have revealed difficulties with cockpit authority

appeared to do justice to some of the accidents. Clusters do gradient (CAG). In contrast to more typical exaniip!_s,
appear to occur across the schemes. Thus the inappropriate these have ree,,led little or no cockpit authority gradient.
decision category a Chappelow's system tends to be Probler's are created where both aircrew are well-known to

associated with the decision and action categories in each other and of comparable flying hours. The recipe for

Feggetter's scheme, and the knowledge and rule-based •.isaster 1s cotc it a forceful but low-average abiiity
categories of Reason's classification. However a full handling pilot is p.ltrsd with a quiet, non-assertive ai-craft

examination of such consideratio is will hae to await captain. This combination of circumstances .has been

coding of the complete database. In the meantime a brief associated with a number of recent accidents. and indicat,

description of some 4 the najor i-IF categories identified that despite early hopes (Ref 4) and all its obvious

by this exercise, with illustrative examples, is given benefits, there are also linitations to any two-pilot

below, system.

4.2 1 Decision-Making 4.2.3 1'raining

There appears to be a large number of situations where Training inadequacies feature prominently in both
faulty decision making was involved. These also tend to Feggetter's and Lnappelow's schemes. Such deficiencies

be associated with lack of airnsanship in Chappelow's are al.;c reflected in Reason's taxonomy as rule-based

scheme and/or personality. Examples of these would mistakes, showing up both as the misapplication of

include poor choices of height, speed and route for the appropriate rules and the appli, bad rules. As

conduct particular manoeuvres; decisions to press on with a might be expected a number of inadequacies are

task or a manoeuvr,- !espite contra-indications; or in the highlighted in accidents with student pilots where their

case of workshop p,, onnel. the decision to cannibalse inexperience has been exposed. Other examples however

parts from different aircraft. include a group of accidents involving Lynx aircraft with
high all-up-m'sss (AUM). These have revealco that many

One further category of faulty decision-making lies at the pilots are unfamiliar with the handling characteristics of

core oi another group of recent accidents. These involve such aircraft, espiecially when flown close to the edge of

instructors training students on exercises such as engine the flight envelope, and were therefore unable to calculate
off landings (EOL). a ,ractice which involves very small the increased margins C r error required.

margins for error. Typically training and inexperience are
also cited in tiese reports, not only against the student. 4.2.4 Briefing
but also against the instructor who in every case, had only In hall of the investigations where biefing was cited as a

recently qualified as instructor. The per~onality of the factor, little or no briefing was given concenting the
details ui the sor;ie. This was typically because the task



was so familiar that detailed briefing was deemed ly appropriate in stressing the importance of past exper-
unnecessary. In many cases these sorties involved the ience in shaping behaviour. This made it simple both to
carrying of passengers, often on familiarisation flights, acknowledge the number of accidenmb where task demands
and the flight merely 'evolved' in an ad hoc fashion. In were underestimated or poorly planned because they were
around a third of the accidents, the inadequate briefing was merely routine, and to note occasions where actions were
associated with time pressures and insufficient slots performed out of habit but where it was inappropriate to the
between sorties. Paradoxically this was particularly true of situation. On the downside, the vagueness of some of the
training sorties. Here instructors' daily workloads were terms (eg action) led to coding difficulties. This could lead
very high resulting in truncated periods for briefing, to some very idiosyncratic coding.
debriefing and report writing. In such cases, the
administration category in Chappelow's classification Chappelow's classification is also a blend of behaviourally
scheme would also be implicated to indicate the system's descriptive and psychological terms. It was particularly
contribution to the problem. For most of the remaining easy to implement because its hierarchical nature permits
accidents, briefing was simply ambiguous or not levels of attribution. Furthermore, it is capable of
sufficiently detailed to cover all eventualities. In one case, implicating both the aircrew and the system in which they
however, a briefing order suggested that a familiarisation operate. It could benefit from the addition of some
flight should be injected with a "degree of excitement", headings, (e.g mis- handling, inappropriate technique) and
thereby encouraging a particular style of flying. although devised to cover airerew probably be extended to

cover the servicing errors of workshop personnel. These
4.2.5 Miscellaneous Categories however would be minor modifications.
On the occasions when disorientation was mentioned,
typically it was cited as a possible contributory factor, and Reason's GEMS framework is a compelling categorisation
usually in response to something else. For instance, in of the types of error committed and the cognitive
one case it was suggested it may have occurred as a result of performance with which it is associated. Not only that but
unexpected handling of the aircraft. In two cases it was it treats errors as a 'normal' by-product of cognitive
cited as possibly following a steep banking turn, while in functioning. Where it was successful it greatly assisted
another, whiteout conditions were implicated, understanding. However it was not easy to employ as a

classification scheme, at least partly because the
Overaousal features prominently amongst Chappelow's reductionism required in the encoding operations seemed to
modes of failure. This term however, which refers to stress do little justice to the richness of the details listed in the
or alarm states, tends to be a reaction to a specific situation investigations. For instance some actions were very
developing - such as an emergency - rather than occurring difficult to code because they appeared to be composites of
spontaneously. several categories. There were also grey areas when it was

difficult to choose between one category and another.
Finally under this heading, and by way of comparison, it is Disentangling accidents with complicated temporal and
interesting to note that unlike Chappelow's RAF database causal pathways was particularly difficult. Also a very
(Ref 2), the AAC database so far has revealed very few large number of different pre-conditions can give rise to
accidents associated with ergonomic problems. The same slips and lapses (a many-to-one mapping). The knowledge
is also true for cognitive failure. Whether these indicate that a great many accidents are down to skill-based errors is
major differences between fast jet and rotary wing too general to indicate specific areas for remedial action.
operations will have to await further study.

This brief examination of Reason's approach does not do
5. DISCUSSION justice to his work. For instance he has been at pains for
The corpus of HF reports on the AAC accidents examined some considerable time to implicate management and
for this review has revealed a number of recurrent themes. organisational aspects in the preparation of fertile ground
These are represented by category labels such as inappro- for accidents i.e. accidents waiting for some 'trigger'
priate decision, attention, perception training, briefing, mechanism. However even he has acknowledged that his
administration, personality, habits and lack of 'latent pathogens' metaphor, despite having "a number of
airmanship. attractive features", is still "far from L-eing a workable

theory" because of its vagueness (Ref 3, p 198). We must
5.1 General Comments therefore await its development before the structure can be
It is not an easy task to reduce the rich narrative of an considered complete. Until that is achieved, a simple
accident report with many layers of interacting human listing of enabling circumstances such as that offered by
factors to a collection of ticked boxes. This is particularly Chappelow may be more practicable.
true of accidents which are the product of a complex causal
chain. To some extent all coding systems will involve a 6, CONCLUSIONS
degree of forced-choice or shoe-homing operations. How- One limitation of the exercise is the relatively small
ever the difficulty of this task was underestimated, and this database of accidents used for evaluation to date. Yet
was responsible for a smaller sample of accidents being another limitation is the lack of adequate control data, or
coded than originally intended in this initial exercise. even the knowledge of what might constitute such

controls. Despite these shortcomings, the exercise has
S.2 Comments specific to the coding systems yielded a number of common category groupings and in
Feggetter's classification was considered to be compre- doing so it has also indifated areas where remedial action
hensive, giving good coverage across the various sub- can be applied.
systems. The provision of a label for habit was particular-
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Although all three taxonomies employed in this study 2. Chappelow, J.W. "Remedies for Aircrew Error", RAF
proved useful in classifying the data, the one which was IAM Report No.664, 1989.
both easier to employ and the most practical in terms of
imposing structure on the investigations was dhat devised 3. Reason, J. "Human Error", Cambridge, UK,
by Chappelow. Cambridge University Press, 1990.

Aviation represents a dangerous environment. It might be 4. Vyrnwy-Jones, P. "A Review of Army Air Corps
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further improvement is possible. However the categories 5. Leedom, D.K. Personal communication, 1991.
of error appear to change subtly over time. That fact, and
the precise identification of the most current trends as 6. Department of the Navy, "The Naval Safety Program",
attempted here (eg training deficiencies, changes in crew OPNAV Instruction 3750.60, Washington D.C.,
composition) argues strongly against such a negative 1991.
view.
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ANNEX A. The Three Classification Schemes Employed

COGNITIVE SYSTEM SITUATIONAL SYSTEM AIRCREW SYSTEM MODES OF FAILURE
Human Info Processing Physical FACTORS FACTORS

Sensory Physical stress Alcohol A/C handling Cognitive fail-wrong
Perception Physical condition Disregard for rules Erg - Displays Cognitive fail-
Attention Nutrition Excess of zeal Errors in Auto omission
Memory Drugs Fatigue system Disorientation
Decision Smoking Hypoglycaemia Noise Distraction
Action Alcohol Inexperience Comms 'Giant hand'

Monitoring Fatigue Joie de Vol Op. pressure Inapprop. decision
Feedback Sleep loss Lack of airmanship Time pressure Inapprop. model

Visual Illusions Lack of talent Training Overarousal
False Hypothesis Environmental Stress Life stress Briefing Slow response
Habits Attitude Low morale Admin Stress
Motivation Speed and motion Personality Physiol. stress Unawareness
Training Visual QFI/QFI High workload Vis. illusion

Personality Glare Sensory limits Under fire
Fear Disorientation Social factors

Temperature Crew Co-ord

Lighting Underarousal
SOCIAL SYSTEM Noise after Chappelow (1989)
Social pressure Vibration
Role
Life stress Ergonomic Aspects

Controls
Displays SKILL-BASED RULE-BASED KNOWLEDGE-BASED
Seating Inattention Misapplic. good Selectivity
Presentation of info Over attention rules Workspace Limitations
Emergencies Applic. bad rules Out of sight and mind

after Feggetter (1982) Confirmation Bias
Over confidence

Biased review
Illusory correlation

Halo effects
Probs with causality
Probs with

complexity
After Reason (1990)
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1. SUMMARY thankfully, limited number of accidents to occur.

From the possible set of non-intrusive investigative

Any training system contains information on the past techniques one appropriate method is to perform an
and current performance of its students. However applied psychological assessment of aspects of an
such systems may also hold predictors capable of entire system and then extract early occurrences of
estimating the potential of a student, behaviours deemed to be inappropriate. Accident

analysis may only reveal the linking of a particular
Failures that occur late during a course result in subset of behaviours that correspond to each accident:
wasted costs, time and places, and also student career trends can be detected, but only after large sample

discontent. Therefore identifying the earliest sizes are examined. These are not always available. A
indicators of failure is of primary importance to the systems approach will allow a larger set of error
operation of an efficient system. categorisation to be constructed. Granted it may

elucidate more categories of potential accident
Research directed at uncovering these involves the behaviour than are represented by an accident

identification of relevant behaviours; classification of analysis, but with an accident only being the end
the students' behaviours in real life situations; coding product of a particular set of factors, each category
the classifications to form data points; and the has potential to be part of any accident. Rasmussen
application of analytic techniques to produce describes errors as instances of man-machine
predictive models of behaviour, mismatches caused by variability on the part of the

system or man.
The major emphasis of this paper is to describe
attempts to define statistically derived criteria for "The interaction can be seen as a complex, multidimensional
success and failure in an existing flying training demand/resource fit. To discuss the misfits and evaluate means for

improvement, it is more important to find the nature or dimensions

system. of the misfits than to identify their causes. In other words, it is

necessary to find what went wrong rather than why, i.e. to identify

It is argued that the introduction of more objective potential conflicts, rather than their predecessors in the course of

techniques such as those described here may not only events.(Rasmussen 1987 25
make the training system more efficient but may also
reduce flight safety risks. Any organisation will necessarily contain vast

2. INTRODUCTION amounts of information on both individual and group
performances, some of which will be explicit and

With respect to flight safety and accident prevention, some implicit. This information is of varying utility

changes in legislation arise as a result of individual from the accident prevention viewpoint. Investigation,

accidents or groups of incidents. The method follows however, can be focused on areas of performance

a lessons learned approach and therefore relies heavily weakness identified by subject matter experts

on a 'post hoc' rationalisation of the relationship of operating within the system.

causal factors. This paper presents some methodological

In this field, ethical and financial problems prevent considerations and findings from one of the

the adoption of an experimental approach in components of a large scale investigative analysis of

establishing causal relationships between activity and helicopter pilot selection, training, operations, and

consequence. It is therefore vital to establish a method accidents. (Ref 2.)

that is non-interventionist yet does not wait for the,
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For this investigation red and brown marks were taken
as 'error ratings'. These same 21 BAs are used

2.1. DESCRIPTION OF THE SYSTEM UNDER throughout the three training phases. An instructor or
STUDY course manager can assess a student's progress by

inspecting the sortie summary sheets visually. The
Figure 1 depicts a schematised outline of the stages of numbers and locations of the different colour codes
development of a UK army helicopter pilot from give the instructor indications of performance trends
selection to on-line operational roles. and consistencies in the student.

Figure 1. The Stages of Development of an Army Table 1. List of Basic Abilities (BAs).
Helicopter Pilot.

1. LOOKOUT 11. ACCURACY

E"7O ------- 72. RADIO/TELEPHONE 12. CAPTAINCY
3. DIVISION OF ATYENTION 13. CHECKS
4 ATIlTUDE 14. PLANNING

[W Reject 5. FLEXIBILITY 15. BRIEFING
6. STABIUTY 16. CREW COOPERATION

Reject 7. ANTICIPATION 17 COCKPIT MANAGEMENT
8. RECALL 18. AWARENESS

Reject 9 RULE FOLLOWING 19. VISUALISATION

10. OBSERVATION OF 20. COORDINATION
AIRCRAFT UMITATIONS 21. CONTROL ACTION

w Reje

Although not mutually exclusive in nature, the BAs
do fall into four rough categories. These correspond

AOE RTIONAL to psychomotor, cognitive, personality and procedural
and are listed below:

PSYCHOMOTOR 11 - Accuracy

20 - Coordination
Once a candidate has been awarded a place on an 21 - Control Action

Army Pilots' Course (APC) the student will go
through a three stage training course lasting nine COGNITIVE 3 - Division of Attention
months. The first stage of the APC is on fixed wing 7 - Anticipation

8 - Recall

Chipmunk aircraft and covers 30 hours basic flying 18 - Awareness

instruction (Basic Fixed Wing - BFW). Next is the 19 - Visualisation
first of two rotary wing stages consisting of 50 hours
elementary flying on Gazelles (Basic Rotary Wing - 5 - Flexibility

BRW). The third stage covers 70 hours advanced 6 - Stability

flying and tactical awareness training where the 12 - Captaincy

student is introduced to the applied skills required for 16 - Crew Cooperation

operational flying (Advanced Rotary Wing - ARW). PROCEDURAL I - Lookout

At the end of the course the student will graduate as a 2- R/T
pilot and will be posted to an operational unit as a 9 - Rule Following

second pilot. 10 - Obs. of A/C Limits
13 - Checks
14 - Planning

2.2. STUDENT PILOT ASSESSMENT SYSTEM 15 - Briefing
17 - Cockpit Management

While under instruction a student is rated during each
training sortie on a series of 21 'Basic Abilities' (BAs) However, despite there being a standardised format

listed in Table 1. For each of the Basic Abilities a for rating students, there is no measure of how a

student will be awarded one of four marks - blue for particular student compares with other students, or

above average performance, green for average, brown how the student is performing relative to an 'average

for below average performance and red for a failure. student'.
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Attention and Anticipation) while the Basic Fixed and
In order to compare two students, or one student to Basic Rotary Wing students make errors on the
the norm , arguably it would be necessary to adopt a psychomotor aspects of flying - i.e. those involved in
form of assessment which is more rigorous than visual controlling the aircraft (e.g. Accuracy, Coordination
inspection, and Control Action).

3. METHOD Figures 3, 4 and 5 show the three phases of training
with the sample separated into average pass and fail

3.1. QUANTIFICATION OF ASSESSMENTS students. These figures clearly demonstrate that each
phase has different profiles for the pass and fail

A sample of 184 student flying training folders was groups; the profiles being both different in form and
examined for this study - 100 pass students and 84 magnitude.
students who failed the course.

Figures 6 and 7 show profiles for the BFW and BRW
Conversion of the colour codings into a numeric training phases. From these it is clear that students
system allows the computation of a common who fail the course at a later stage exhibit a more
denominator by which student records all can be exaggerated ERP during these early phases than those
compared. (Fail students are withdrawn from a phase who go on to pass the course. However, their ERP is
prior to completion therefore will not have completed not as extreme as those who fail during the early
the same number of sorties as the student who phases. By offering early indications of course results,
completes the entire phase; therefore a similar unit of the ERPs appear to be capable of discriminating
measurement is needed to express the levels of marks between successful and unsuccessful students.
awarded.) The number of red and brown marks
awarded, expressed as a percentage of total grades 4.1. STATISTICAL ANALYSIS
awarded per student per phase, were used as data
points for constructing the data set. To test the validity of discriminating by ERP

matching it is necessary to ensure that the pass and
3.2. PROFILE PRODUCTION fail ERPs are in fact independent. Analysis of

variance tests showed that the three phases have
These percentages per BA per student per training different ERPs (PHASE: F=35.761 df=2,8499
phase can be used to produce an 'Error Rating Profile' p<0.001 and BA: F=65.847 df=20,8499 p<0.001)
(ERP). An ERP can be produced for an individual but more importantly, each phase has an ERP for pass
student, and also compiled into an averaged profile students that is different from the fail students. Table
for an entire set of students. The closeness of fit of an 2 summarises these results.
individual student to that of a group of students can be
now be represented graphically by overlaying the The significant ANOVAs show that there are
profile of the student with the profile of the average differences of form and magnitude between the
student. pass/fail groups with respect to the ERPs.

The data from the training records of previous Table 2. Two way ANOVAs of Pass/Fail by Basic
students who passed or failed the training course were Ability for each APC phase
compiled and averaged to produce an ERP for each BFW:
category. Any current student can then be compared PASS/FAIL F=763.459 df= 1,3081 p <0.001

with these two reference ERPs to give an indication of BA F= 16.075 df=20,3081 p<0.001

relative performance to each of the pass and fail PASS/FAIL x BA F=9.239 df=20,3081 p<0.001

groups.
BRW:

4. RESULTS PASS/FAIL F=1491.07 df=1,2814 p<0.001
BA F=47.126 df=20,2814 p<0.001

Figure 2 shows the ERPs for the three phases of PASS/FAIL x BA F= 16.771 df=20,2841 p<0.001

training. It can be seen that the three profiles are
similar in form and magnitude. However there are -59pPASS/FAIL F=1032.58 df=1,2541 p<0.OOI
also some subtle differences in some of the types of BA F-64.529 df=20,2541 p<0.001
errors made which relate to the specific phases of
training. For instance the Advanced Rotary Wing PASS/FAIL x BA F=13.045 df=20,2541 P<0.001

(ARW) students have a tendency to make errors on
the more cognitive BAs (e.g. Awareness, Division of
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4.2. MULTIVARIATE ANALYSIS Table 3. BASIC FIXED WING - CLASSIFICATION TABLES
FOR MODEL BUILDING AND VALIDATION

To find out just how the groups differ with respect to GROUPS

the ERPs, the relationship between the BAs and
pass/fail criteria was examined more rigorously for PE IC PM SH
each phase. Discriminant Function Analysis (DFA) is FAIL PASS
a technique for establishing which variables are FA8L 8 0

useful predictors for the statistical differentiation of ACTUAL 00%) (0%)

groups of students. A model (predictive equation) was GROUP PASS
constructed which assigns probabilities to group PASS (2%) (98%)

membership according to scores on important
predictive Basic Abilities. Therefore, as a student MODEL BUILDING GROUP

progresses through the training course it is possible to Test sample n=80

produce the probabilities of the student being in the % of cases correctly classified = 99

pass and the fail groups. As this can be computed at
various critical stages, such as fortnightly progress PREDICTED GROUP MEMBERSHIP
reviews and handling tests, it would give instructors FAIL PASS
and course managers early indications of eventual 6
group membership. ACTUAL FAIL (86%) (14%)

GROUP
Tables 3 to 5 plot the classification results from the MEMBERSHIP PASS 6 64
three phases of the APC. The levels of Type I and II (9%) (91%)

errors can be seen to be low, while correct acceptance VALIDATION GROUP
and rejection levels are high, thereby giving
indications of a highly predictive model. Only half of Test sample n=77

% of cases correctly classified = 91
the set of student records was used in constructing the

models. Following conventional procedures with such
exercises, the remaining half was used for internal
validation to test the predictive robustness. As can be
seen, the classification rates nev'er drop below 80% in Table 4. BASIC ROTARY WING - CLASSIFICATION
the validation groups. TABLES FOR MODEL BUILDING AND

VALIDATION GROUPS

PREDICTED GROUP MEMBERSHIP

FAIL PASS

13 1
ACTUAL FAIL (93%) (7%)
GROUPME]BRHI 56

MEMBERSHIP PASS (2%) (98%)

MODEL BUILDING GROUP

Test sample n =71
% of cases correctly classified = 97

PREDICTED GROUP MEMBERSHIP

FAIL PASS

16 !

ACTUAL FAIL (94%) (6%)
GROUP 19151

MEMBERSHIP PASS 5

VALIDATION GROUP

Test sample n=77
% of casm correctly classified = 87
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Table 5. ADVANCED ROTARY WING - CLASSIFICATION
TABLES FOR MODEL BUILDING AND

VALIDATION GROUPS Table 6. Predictive variables for each APC phase.

PREDICTED GROUP MEMBERSHIP SFW PSYCHOMOTOR Conuol Acion
Coorlition

FAIL PASS

I I 0 COGNrrrVE Division of AUeion

ACTUAL FAIL (100%) (0%) Antic~stio
Viduslisshon

GROUP
4 46 PERSONALMrY Stbility

MEMBERSHIP PASS (8%) (92%) Flexbity

MODEL BUILDING GROUP PROCEDURAL Rrr

Teat sample n=61
% of cases correctly classified = 93 BRW PSYCHOMOTOR Coondlitiom

COGNITIVE Recal

PREDICTED GROUP MEMBERSHIP A-

FAIL PASS PERSONALITY Attitude
Flexiibtty

9 3
ACTUAL FAIL (75%) (25%) ARW PSYCHOMOTOR Aomrcy
GROUP Control Action7 43 C,,i~

MEMBERSHIP PASS (14%) (86%)tio
PAS (4%) (8%)COGNITVE Division of Attentio

VALIDATION GROUP Awe

PERSNALITY CapusimcTest sample n =62 AtbY•tu
% of cases correctly classified = 84 Flembitity

PROCEDURAL Lookout

R!T
R.u. Following

The models that were created using the DFA Ob.. ofA/C Linit.

technique and again highlighted the important cowt M--aotnt
differences between the pass and fail students. Table
6 presents these important predictive variables for
each of the three phases of training.

It can be seen from the predictive variables that the 5. DISCUSSION
skills where students are noted to make the most
errors are related to the specific phases of training. 5.1 SUMMARY OF APPROACHES
For example, the ARW students can be differentiated
by the mista~ces they make on almost all of the BAs, The consequences of each outcome decision can be far
whereas the first two phases of training do not have reaching. In this case a Type I error (accepting a false
the same quantity of predictive variables. This gives hypothesis) would mean pushing a student through the
the indication that student performance degrades in a course who would otherwise have failed. Such a
global fashion under the high workload advanced student would be a flight safety risk when the student
training but specific qualities degrade under basic goes on to an operational unit. A Type II error
training. (rejecting a true hypothesis) would mean failing a

student who would otherwise have passed the course,
thereby constituting a waste of resources and risking
career discontent for the student. When assigning a
student to a particular group by any of the methods
described in this paper, the respective consequences of
the two error types will weigh heavily on the
instructor's mind. The more information there is to
hand, the less likely the instructor is to make an
erroneous decision.
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By overlaying the profiles it is possible to assess 5.3. LIMITATIONS OF THIS APPROACH
subjectively the similarity of a student's performance
to that of the average pass or fail student. Attempts to produce a robust probabilistic model of
Alternatively we can mathematically predict the this kind using this type of data will be subject to
similarity of each of the groups. This technique, methodological shortfalls. These limitations have to
therefore, establishes a testable model of behaviour be borne in mind when trying to assess the TRUE
assessment - a 'mathematical' method of proactive potential of the different methods in predicting course
monitoring. This can be used in conjunction with the outcome. A number of these are outlined below.
psychological technique of profile matching, the
traditional method of visually inspecting the sortie 5.3.1. Subjectivity
summary sheets, and the subjective impression of the
instructor. The assessment of pilots throughout all branches of

aviation contains a largely subjective component.
It is proposed that the eventual role for these models Flying time and instructional charges are expensive.
and techniques lies in aiding instructors and course Great emphasis, therefore, is placed on the experience
organisers in their outcome decision judgements. The of the instructor. Even when the results of this
current state of flux in curricula and manning subjectively operated 'objective' system are subjected
requirements implies that each of the techniques to analysis we cannot remove these individual
described could only offer subsidiary information in differences. The exact meanings of these Basic
management decisions on students. However despite Abilities and the rating scheme may be being used
this limitation, it does offer a more objective very idiosyncratically. However, when the data set
assessment of students employing the same criteria was compiled using the instructors as subjects for
that instructors use, and can also act as definitive profile production (i.e. a profile of red and brown
references for new instructors. rating percentages per BA for each instructor across

all of his students) very encouraging results emerged.
5.2. VALIDATION EXERCISES The ERPs indicated how similar the instructors were

in their usage of these BAs. Future research is aimed
External validation exercises are planned to test fully at clarifying some of these issues both for a better
the efficiency of these models and techniques. The understanding of the current assessment system and
three main areas being researched are: also as a means of carrying out the necessary

groundwork for any new assessment system.
1. Investigation of why certain basic abilities are

predictive in each phase. 5.3.2. Circularity

2. Prediction of outcome for students who are The same instructors grade candidates, train and mark
training using the various proposed techniques. This them as students and also contribute towards the final
"will take a longitudinal perspective on validation as outcome decision of the course. There are procedures
modifications can be made to the models to reflect for attempting to standardise the instructors' working
changes to the training system. routines, but by the very nature of flying, there are

many unaccountable intervening variables.
3. Concurrent feedback on on-line predictions

from instructors in an attempt to fine-tune the models. An instructor may only be examining certain sets of
By offering extra information not included in the BAs in each phase, therefore the predictive/high
written assessment system it may be possible to define peaked ERP BAs may be limited to that specific
more fully the important predictors that are being used phase.
to make the outcome decision.

5.3.3. Efficacy
It is envisaged that the validation exercises will prove
the final utility of the approach from subjective and The 21 Basic Abilities may not be the best measures
objective standpoints. Statistical purity ah, accevtance for producing pass/fail criteria. Principle Component
of this additional source of information by the Analysis results show that there may be fewer critical
instructors will be the aims of the validation exercises. variables than the scheme suggests (Ref. 2). A more

succinct assessment system may be operating in the
minds of the instructors. The outcome of the course
may be a product of other factors that are unrelated to
the assessment system as it appears in the analysis. As
yet undefined qualities may be being used to appraise



students. These would bias the outcome criteria away This paper has presented some standardised pictorial
from the Basic Abilities and cause an artificial and numeric aides for the course organiser based on
lowering of the correlations of the Basic Abilities with the instructors' own perceptions of the rating system
the outcome performance. and existing course data. The results obtained thus far

are encouraging, and it has further exemplified the
5.3.4. Outcome equivalence ability of statistical techniques to be employed in

reducing flight safety risks.

Unequal opportunities are given to some students

within a course as review action and re-coursing are 7. ACKNOWLEDGEMENTS
available to the less able students. (Students who
demonstrate weakness at particular skills can be given We are grateful for the assistance of the Aviation
extra tuition to bring performance to the same level as Standards Branch of HQDAAC and the HQ Flying
the other students on the course. This is called review Wing AACC instructors during the conduct of this
action.) Again this lowers the correlation coefficients work.
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reflected in the training course, and hence also have
undesirable effects on the consistency of the outcome 8. REFERENCES
decisions.
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(iii) Conducting internal validation and checking.

(iv) Investigating the assessment system with respect
to understanding how it works and what relationship
these results have to other findings.

(v) Instigating a rigorous set of trials and follow up
studies.

Work is currently being undertaken on the assessment
system prior to a large scale validation.

6. CONCLUSION

The assessment system operating during the training
of UK Army Helicopter pilots has a large subjective
component. There are important consequences of
making an erroneous outcome decision. The more
information that an assessor or course organiser has
when making that outcome decision the less chance
there is of making the wrong decision.
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SUMIARY claimed early aviators as victims with an alarming frequency. The
incidence of SD dramatically declined when Sperry introduced the

Spatial Disorientation (SD) is a leading human-factors cause of class gyro-stabilized artificial horizon. Why is it that since Sperry's time,
A mishaps in all branches of the 'J2.S. Armed Forces. Recently, there have been no further landmark developments by the human-
several pilots who performed well under most flight conditions were factors engineers in introducing displays or instrumentation to solve
referred to the Naval Aerospace Medical Research Laboratory orientation problems? It may be that spatial orientation, which even
(NAMRL) because of inability to fly under specific conditions on the ground involves a simultaneous integration of information from
conducive to SD. Most had been neurologically classified as normal multiple sensory systems, poses an even more complex problem in the
using the presently available clinical tests. The pilots were then aerial environment such that human-factors solutions must come from
referred to NAMRL for assessment of vestibular function. Some of more than one sensory system.
these pilots demonstrated perceptual anomalies in attitude perception
that rendered them unable to fly safely under select combinations of Terrestrially, each of the sensory systems involved in maintaining
acceleration and visual presentations. Although U.S. Navy pilot orientation (vestibular, kinesthetic/tactile, vision, and to a small extent
applicants are thoroughly assessed to meet visual and auditory auditory) provide independent, continuous, complementary, and
standards, there are no specific screening tests for vestibular reliable sources of information that are integrated in the central
function. Thus, it is possible for members of the pilot community to nervous system to formulate an appropriate response. However, in
possess reactions that under certain conditions will render them the aeronautical environment the proprioceptive (vestibular and
particularly susceptible to SD. In response to requests from kinesthetic) and tactile sensations no longer provide accurate
clinicians, we have initiated the development of a Pensacola information concerning the magnitude or direction of the gravity
Vestibular Test Battery (PVTB) to assess aircrew referrals. The vector. This is in part due to the continuous variations in magnitude
PVTB is being used to build a normative and pathological data base and direction of the resultant gravitoinertial force vector and in part
that will be incorporated into mathematical models that will inform due to the unusual nature of rotational movement to which the pilot is
the clinicians of the perceptual consequences of vestibular anomalies exposed. The only reliable source of information remaining is that
in the flight environment. The same computer-based models will be obtained through the visual system. Thus, in flight, the central
useful for aircraft design, pilot selection, and mishap investigation, nervous system has the added responsibility of determining what

sensor information is valid. The typical spatial disorientation mishap
INTRODUCTION occurs when the visual orientation system is compromised (e.g.,

temporary distractions, increased workload, VFR/IFR transitions, or
When aircraft mishaps are categorized by causation factors, the reduced visibility) and the central nervous system must then compute
largest single factor is consistently pilot error. Despite a declining orientation with the only information at its disposal (i.e., vestibular
overall accident rate, the proportion of pilot error accidents indicates and somatosensory), which happens to be incorrect.
little or no improvement. The U.S. Air Force has indicated that the
most significant human-factors problem facing the Tactical Air When disorientation occurs on the ground, we can usually attribute
Command is Spatial Disorientation (1). Statistics from the U.S. Navy the cause to some underlying pathology. In the air, SD is a normal
indicate SD and crew coordination are the most significant human occurrence for normal pilots and is to be expected even in the absence
factors contributing to class A mishaps. Annually the three branches of any pathology. This paper will address techniques to identify a
of the U.S. Department of Defense lose aircraft costing in excess of class of pilots in whom pathological vestibular processes exist that
300 million dollars and 20 to 30 lives (2,3,4). Of the 15 Navy aircraft predispose them to experiencing SD.
lost to noncombatant action in the recent Iraq conflit, 7 were SD
mishaps (5). During the Falkland conflict, 5 of the 6 helicopter Unlike other sensory end organs, the vestibular sensory apparatus has
losses experienced by the British were due to SD (3). Mission not proven amenable to accurate measurement by simple or complex
success is frequently compromised by SD (e.g., the Iran hostage tests. With the visual and auditory systems, the ease with which one
rescue team was forced to turn back due to a SD mishap at the can accurately and quantitatively measure such parameters as acuity,
Desert One rendezvous site (6)). In summary, among human-factors accommodative ability, color discrimination, etc., has permitted the
problems that account for the bulk of aircraft mishaps, spatial compilation of extensive normative data with which to compare
disorientation is the most significant both in terms of material and individuals of any age or sex. The military and civilian communities
personnel lost as well as mission degradation. have long utilized these data to set minimum qualifications for

selection into various communities (e.g., pilots, submariners) or to
"The opportunities for SD mishaps are constantly increasing due to determine fitness for continued duty. The nonavailability of normative
more frequent night operations, requirements for all weather flying, data and simple tests for the vestibular system and its interaction with
increased low level or nap of the earth flight, use of night vision other sensory systems has resulted in the acceptance and training of
goggles (NVG) which decreases peripheral vision, improved agility of pilot candidates who are later unable to complete the curriculum due
aircraft, and more demanding pilot workload including fatigue- to vestibular deficiencies.
producing sustained operatiows-all factors that are conducive to
spatial disorientation. As individual aircraft costs escalate, the The primary reason that vestibular tests are inaccurate and/or
Mifrary, especially in times of constrained budgets, cannot afford the inadequate is that they measure the vestibular end organ indirectly.
continued loss of what in many cases are becoming nonrenewable That is, they measure the effect of the vestibular sensory system on a
resources. motor response (e.g., eye movement in response to a vestibular

stimulus, or balance in response to perturbation of movement or
Spatial disorientation mishaps have occurred since terrestrial man, sensory deprivation). Although the vestibular nuclei are the primary
who evokyd in a two-dimensional environment, entered the dynamic recipients of the vestibular end organ signals, they also receive and
three-dimensional aeronautical environment. As long as the first coordinate position and motion information from a variety of sources
aviators could maintain visual reference with respeet to the ground or (visual, somatosensory, auditory, and corollary motor commands) to
horizon, orientation did not pose a signifiant problem. Hoover, effect an appropriate response or reflex such as postural control or
"cloud fyi and other phases or forms of flight in reduced visibility visual stability, or an undesirable effect such as motion sickness.



These motor responses are subject to modulation by several central controlled flight in actual or simulated instrument meteorological
ner.ous system centers. Specific tests to measure vestibular funchon conditions when the pilot is deprived of outside visual references.
and its interactions must maintain precise control of these other Over the past 3 years, cooperative efforts by the Naval Aerospace
input systems. Although extraneous visual and au~ditory input may be Medical Institute (NAMI) and NAMRL to examine selected aviator
eliminated in an attempt to isolate the effect of a vestibular stimulus, medical referrals have led to documentation of a vestibular integrative
touch and the nonvestibular proprioceptive senses (muscle, tendon deficiency responsible for the inahility to maintain flight in instrument
and joint) cannet be eliminated. In the real world, we must assess meteorol,,gical conditions.
the interaction of one or more systems with known veztibular stimuli,
and within the vestibular system, we must assess .ot only canal Selected case histories from our fi.as of pilot referrals will illustrate
function and otolith function, but also the several ways canal and why the devwopment of a vestibular test battery employing specialized
otolith systems interact to alter our response to motion. NAMIR equipment is imperative to the proper examination of pilots

surviving suspected SD mishaps. In today's climate of preventive
Orientation and equilibrium information are received at the parietal medicine we have the opportunity to reduce the incidence of SD
cortex (S II or somatoscnsory area II), which by virtue of its mishaps and prevent repeat occurrences when individuals with
anatomical connections is the cortical area most likely responsible for pathuclogy can be identified.
kinesthesia and perceptual orientation in space. Area S II, in
addition to being the primary cortical area to rceive vestibular CASE H{ISTORIES AND INrTIAI OBSERVATIONS
afferent information (7,8), also receives highly processd visual (9),
auditory (10), and nonvestibular proprioceptive (11) information as Case 1: A 24-year-old Caucasian male student Naval aviator in
well as corollary discharges (2) from the motor cortex. From the advanced jet training, who had above average grades in primary flight
standpoint of the cortical perceptual level, a "simple" vestibular training, experienced difficultie, maintaining aircraft control during a
motion stimulus is subject to an even greater number of influences turbulent check ride in instrument conditions. On further questioning,
than the brain stem processing centers. By comparison, the he admitted to difficulty in reading instruments during turbulence.
"traditional senses" remain relatively uncontaminated by other When he encountered turbulence during earlier training flights, the
sensory systems as they ascend via relays to the higher level of the meteorological conditions were such that he could maintain
cortex although vestibular information alters visual transmission at orientation using outside visual reference. Of significance in his past
early levels. At the reflex and perceptual levels, the effects of history was an episode of scrtigo, nausea, and vomiting for 3 days at
vestibular end organ stimulation pose measurement problems due to age 13-a probable vestibular neuritis. Although he cou'. perform the
the multisensory integrative nature of the vestibular system. standard Romberg test, he was unable to stand in the s,,arpened

Romberg position (tandem heel to toe stance, arms folded on chest,
Perceptual orientation, kinesthesia and maintenance of posture are and head extended with eyes closed). The vestibular ocular reflex was
absolutely fundamental for survival; natural selection has avoided absent both horizontally and vertically, which explained his inability to
excessive reliance on any single sense organ by employing multiple read the instrument panel during turbulence.
redundancies in this information system. A gradual compromise of
any one channel wVi not fully jeopardiie the ability to orient if other Case I illustrates that present entrance physicals can fail to detect
systems remain intact. An individual can adapt to a gradual loss of disqualifying deficic:.cies in vestibular function This pathology could
vestibular end organ function with no apparent deficit. However, have been easily detected with simple and quick clinical tests of
when a second s%,'em is compromised. such as closing the eyes in the vestibular function if included in the screening physical. This
Romberg test, the individual will be unable to maintain balance, advanced student jet pilot in whom the Navy had invested in excess of
Similarly, a blind man can readily maintain balance or ambulate $800,000 in training over 3 years needed only two more flights to
provided vestibular and other proprioceptive information remain receive his wings and join the fleet. Since moderate turbulence in the
intact. The central integrating role of the vestibular system in absence of outside visual references evoked uncontrolled flight, it
orientation is evidenced by the profound incapacitation of the patient would only have been a matter of time before a mishap occurred. It is
suffering an acute vestibular lesion (e.g.. viral infection or unilateral not known how many fatal spatial disorientation mishap pilots have
labvrinthectomy). Such a patient is unable to stand, walk or maintain possessed such pathological traits, especially when screening tests of
stable vision, but in time, the central integrating centers reequilibrate, vestibular function are not routine. Given the minimal cost in time
and equilibrium is restored which demonstrates the adaptive capacity and money to include simple vestibular tests in the original physical
of the central vestibular system. For the purpose of our discussion, exam, it would obviously be cost effective for the military to identify
the vestibular system includes 1) ti. :ahyrinth end-organ. 2) primary such pilots prior to losing huge sums of money to training failures
afferents to vestibular nuclei (including the vestibulocerebellum). 3) even if only one ilot is found every 4 years. From the military point
ascending and descending vestibular projections to ocular and spinal of view a missioti failure can have even more disastrous results.

musculature, 4) vestibular projections to parietal cortex for spatial
perception and 5) efferent projections to the labyrinth end-organ. Case 2: A 25-year-old Caucasian male, U.S. Army student pilot, was

referred for recurrent in-flight disequilibrium experienced while flying
The clinical vestibular tests presently available to neurologists are at under the instrument hood in UH-1 helicopters. When deprived of
best, qualitative, highly subjective, and frequently uncomfortable tc e",:ernal visual reference, the patient described continuous right roll
the patient (e.g., caloric stimulation). During the initial screening of and forward pitch sensations of such a compelling nature that he could
aviators or U.S. military personnel, the only test of vestibular not maintain control within the prescribed altitude limits required by
function administered by flight surgeons is the 10-second Romberg the Army flight syllabus. The patient had experienced no difficulty in
(self balance) test, which can be passed by vestibularly compromised the previous 120 hours of flight training where visual references were
subjects who have developed good nonlabyrinthine compensatory present or while in the simulator practicing IMC procedures. All
mechanisms. Often, aviators and Naval Flight Officers (NFOs) come neurological examinations and tests were within normal limits. The
to our attention late in flight training or after designation who do not pilot candidate was further examined on a variety of motion based
have the necessary physiological skills (vestibular in this case) to fly devices as follows:
safely.

Most pilots or NFOs are notorious in their attempts to hide or 1. The Multiple Station Disorientation Demonstrator (MSDD) is a
cover-up physically disqualifying defects during the flight physical rotating platform with individual capsules approximately 9 ft from the
exam. 'T-he deficit, if detected, usually comes to the attention of the center of rotation. By changing the orientation of the capsule in yaw
flight surgeon when the flight instructor observes a training problem while the device is at constant velocity, various conditions of
and refers the student or aviator to the flight surgeon. Most maintained "linear" acceleration or deceleration can be experienced

frequently. vestibular deficits present as the inability to maintain without inducing the confounding effects of Coriolis cross-coupling.
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For exampi,, when the capsul, is oriented such that the occupant forward (down) sensations during deceleration. The consistent
faces radially inboard or outboard, he will experience pitch up or response in thi! pilot was pitch backward (up), which was in keeping
pitch down respectively. A normal subject can report o, indicaic with his problem of pilot-induced oscillation in pitch attitude control
.ith a pitch indicator his perceived pitch attitude within a few in flight. It should be noted that this test pilot did :'ot expe,.ence any

degrees of the resultant gravitoinertial force vector. At constant control problems when flying with adequate outside ground or horizon
velocities in thý dat,, this student pilot usually perceived correctly cues. The ceromedical disposition was to continue him in a flight
the initial stimulus in any given set of acceleration ratterns. status but only with a safety pilot present.
Subsequent changes of capsule position resu ted in perceived pitch
changes in the opposite direction to that cxperienced by our normal As in case 1, had it not been for chance meteorological conditions, this
pilots. Furthermore, during transitions between positions, the pilot would have continued flying until either a mishap occurreu or he
magnitude of his sensations was greater and durations were greater voluntarily presented ,aimself to medical personnel. The latter rarely
than average by factors of 2 to 5. As expected, the magnitude and occurs given the type-A personality of most military aviators and the
du-ation of his perception errors were reduced in the presence of rarity with which pilots have drawn attention to conditions that might
visual frames of refer-r, ce. disqualify them from flying. The student pilot in Case 2 who had

above-average flight grades indicated that by "sneaking glances" while
2. Further tests, including visual vestibular interactions, were under the hood he could ieduce or abolish the disturbing illusions and

carried out onboard the Dynasim, a short-armed centrifuge with a maintain aircraft control sufficiently to complete the curriculum. Had
cockpit mounted tangentially (facing the direction of rotation) at the he done so and been involved in a fatal accident (and so many SD
end of an 8 ft arm. A target which rotated with the subject was mishaps are fatal) the mishap investigation team could have never
projected on the wall of the 50 ft diameter room. While rotating and recognized the cause of the mishap as being a physiological problem.
with Z-axis aligned with the resultant gravitoinertial force, the patient The , me is true of Cases 1 9rnd 2.
gave subjective information on changes in the target position when
he moved his head frcm the cockpit inqtrument pane! to acquire the What makes Cases 2 and 3 so unique is that there are no clinically
target 90 deg to 1,is right (16 rpm "ind 30 deg angle of bank). The available tests for flight surgeons to identify these deficits. Currently,
time frame of perceived target motion in this patient was longer by a only with only highly specialized equipment and subspecialists can
factor of 5 to 10 than our normal pilot candidates. The pilot also pilots with these traits be diagnosed.
reported a rotational oscillation, approximately 1 Hz, of the
stationary target approximately 30 s after visual acquisition. Case 4: A 41-year-old Caucasian Army instructor pilot, involved in a

SD mishap on a low-light NVG flight, erroneously felt his aircraft
When the patient was slowly decelerated from 16 to 10 rpm, he pitch while flying straight and level over black asphalt. When he
percceved pitch in the opposite direction to that observed by normal "corrected" his perceived pitch, the helicopter impacted the ground.
subjects. As on the MSDD, the duration and extent of these false Neurological examination and all tests were normal.
perceptions were reduced by low-level ambient lighting. Once again,
the first acceleration was typically perceived correctly as pitch When the pilot was placed on the MSDD and the resultant force
upward. vector was adjusted to be 20-deg lateral, a situation in which he should

have experienced a 20 deg roll, his perception was in eyr i or 90 deg
3. [be last testing procedure utilized a 20-ft centrifuge with a ramp roll,

acceleration to 3 G for I min followed by a deceleration to 1 G. The
patient lay in a chair pivoted to maintain alignment of the resultant Case 4 represents the first SD mishap survivor .ith normal clinical
force with his anterior-posterior (Gx) axis. At constlnt velocity when findings who presents %%ith abnormal perceptions which predispose to
most experimental subjects do not experience pitch motion, the SD mishaps. This mishap could have been averted if the vestibular
patient experienced continuous feet over head rotation in pitch while tests now being developed were available for screening when he
also reporting a sensation of being upside down (head to earth). The entered the military.
patient experienced a 'posimotion" illusion-that is, he experienced
simultaneously a sensation of continuous pitch velocity motion, which In response to frequent requests by NAMI clinicians for vestibular
was not matched by an appropriate change in pitch position. A testing, it was obvious the Naval Aerospace Medical Research
paradoxical response similar to this is experienced during centrifuge Laboratory needed a systematic approach t3 examine pilots referred
deceleration and is a reason why many pilots do not like centrifuge for SD complaints. The NAMI departments of Internal Medicine,
training. However, our patient experienced this throughout the 60 s Neurology, ENT, and Psychiatry thoroughly assess each pilot before
of constant velocity, a phenomenon we have not observed previously r'emrring them to NAMRL. Due to interest by the current NAMI
in any pilot or student pilot subject. Again on deceleration, his clinicians, the Neurology and ENT departments complete the following
perceptions did not match the norms, which indicates that his battery of vestibular tests (13):
vestibular sensations are far outside our normal population.

Clinical Tests:
Case 3: A 34-year-old Caucasian male Naval aviator and recent jet
test pilot graduate was referred for new onset of recurrent SD. Positional Testing - Hallpike maneuver, head hanging, head
During an F-14 requalification flight, abnormal pitch perception in shaking. Barany chair rotation
':tual instrument conditions was precipitated by level deceleration

e.g.. configurational changes such as wings brought forward and gear Fistula Testing - tragus compression, suction (Hennebert's sign),
down) resulting in pilot induced oscillation and an inability to noise (Tullio's phenomenon), valsalva and swallowing.
maintain altitude control within +/- 5W0 ft. There was no history of
motion or simulator sickness. Four years prior, he developed a Postural Testing - sharpened Romberg, Quix test, past pointing
moderately severe case of gastroenteritis, microhemauria, and
progressive temporal headaches with visual blurring and mild nausea, Gait Testing - Fukada step !est. Unterberger step test
Work-up including CT scan and lumbar puncture was negative. The
headaches, which were attributed to a possible viral syndrome, Nystagmus Evaluation - type, direction, conjugacy, latency,
resolved within 2 months, and the pilot was returned to flight status. fatigue/habituation, fixation effects, gaze evoked.

Visual Testing - pursuit, saccades, VOR, VOR suppression
All neurological and neurevestibular exams were normal. Using a
darkened pendular centrifuge cab, the patient was - posed to a 3-Gz
acceleration profile that in normal subjects elicits strong pitch



5,7-4

Neurodiagnostic Tests: screening will also establish the incidence of vestibular deficits and
indicate the cost effectiveness of the proposed screening program.

Calcric Testing Cross- sectional and longitudinal studies for each new test in the
PVTB as well as for each in the standard test battery are necessary to

Visual Testing - EOG calibration, optokinetic nystagmus obtain reliable normative data for various age groups. Ii contrast to
the hearing and vision communities, the vestibular testing community

Specialized Neurodiagnostic Tests (NAMRL-based): has not identified the normal changes with age.

Off Vertical Rotation - Neurokinetics chair 3. Aeromedical clinicians need to carefully address the pros and cons
of adaptive conditioning in overcoming the immediate postural control

Platform Testing - Equitest Platform problems of acute deficits in vestibular function (e.g., case 3). The
PVTB should include the capability n'f assessing progress in the

This initial work-up far exceeds the recently recommended rehabilitation of pilots undergoing such adaptive reconditioning.
standardized basic vestibular function test battery (14) and exists
presently because of the interest of physicians currently in residence. 4. A strong educational awareness program is required to inform
The Navy Research and Development Command in response to instructor pilots and flight surgeons of the physiological traits that can
requests from NAMI clinicians has approved the development of the present as unexpected poor flight performance under instrument
Pensacola Vestibular Test Battery (PVTB) to examine aspects of conditions (cases I - 4). It should be noted that the pilot in case I
vestibular function utilizing our unique resources and expertise. This came to our attention only as a result of a perceptive, sensitive
action should ensure the presence in the Navy of the testing instructor pilot who sent the advanced jet student to a flight surgeon
capabilities needed to prevent SD losses due to vestibular who in turn was sufficiently intrigued to refer him to NAMI
dysfunction in flight. To prioritize the wide variety of tests available Neurology. The more typical disposition is a failed flight grade with
at NAMRL, a group of national and international neurootologists subsequent attrition from the program. Instructor pilots who in the
and vestibular researchers convenes annually to guide test past have attributed poor instrument grades in otherwise good
development. The group discusses approaches to individual cases students to a lack of "the right stuff" and who have attrited students
and will also accept referrals to their own specialized testing facilities, from the flight program might instead consider a referral to the flight
We anticipate accepting selected civilian patient referrals to aid in surgeon.
validation of our tests. Tests will be deleted or added until a well-
defined battery is available for delivery to NAMI. NAMI will use Many pilots have strong interests in this topic when given opportunity
these tests to examine referrals from the fleet and monitor to discuss it with specialists. If fostered, this interest could serve to
rehabilitation of pilots with acute vestibular lesions. prevent SD losses.

Some procedures will be applicable to low-cost screening of 5. The specialized tests in the PVTB demonstrate the need for an
applicants. Three of the above cases appeared to have abnormal interdisciplinary approach to testing, which will be most effective when
perceptual responses to otolith stimuli. A high priority for the a neurootologist receives support from vestibular scientists as well as

aeromedical community is a simple screening test of otolith function, specialists in vision, auditory, and psychophysiological research. In
The MSDD is the ideal platform from which to obtain normative contrast to other senses, the vestibulai iystem is better characterized
data on central processing of otolith information, (e.g., perceptual as a sensory motor system interacting strongly with vision,
responses to maintained acceleration and to passive changes in proprioception, and to a lesser degree audition. This later point
resultant gravitoinertial vector). Recording facilities already in place should represent the approach to be taken by human-factors engineers
on the MSDD permit responses to be obtained from up to 10 in developing a better man-machine interface to aid the pilot in
subjects simultaneously (15). Given that all incoming Navy aircrew maintaining spatial orientation awareness. The current engineering
receive disorientation training on this device, once the normative data emphasis on development of improved visual displays as a panacea to
is obtained, the MSDD will be the ideal screening tool to detect solving spatial disorientation is not the answer. Engineers should
abnormal otolith function among aircrew. Aircrew with responses emulate the approach used by all animals in maintaining orientation,
outside normal limits will be given additional, quantitative testing to namely the coordination and integration by the vestibular system of
more accurately assess the level of vestibular function. As part of a visual, proprioceptive and auditory information.
validation paradigm, labyrinth-defective and selected clinical patients
will be exposed to these gravitoinertial forces to determine the 6. It should be emphasized that most SD mishaps are the result of a
subjective response attributed to the nonvestibular gravitoceptors. normal response by a normal pilot and that these special conditions
Other tests presently being evaluated include Balance Platform are omnipresent in the aeronautical environment. Only through better
testing. Visual Vestibular Interaction Tests, Off Vertical Rotation man-machine interfaces will significant reductions be made in the
Test, Ocular Counter Roll and Linear Oscillation. incidence of SD mishaps. The tests described in this paper can

identify a group of pilots who possess traits that do not significantly
CONCLUSIONS affect performance on the ground but which render them more

susceptible to the ever looming specter of SD in the air.
Several points may be drawn from the preceding case histories, which
were selected as a sample of SD pilot referrals to NAMRL. 7, The devastating consequences of SD mishaps justify the

expenditures of large research resources to reduce by even a small
1 Pilot referrals do not receive adequate screening of vestibular increment the incidence of SD. Basic research into SD mechanisms

function despite current availability of clinical tests that can detect when incorporated with the normative data we propose to collect will
disqualifying defects. A simple and available test could have detected permit development of models capable of predicting perceptual and
the pilot in case I and prevented the loss of close to $1 million, sensory motor responses to accelerations in the aeronautical

environment. Aircraft manufacturers have requested this information
2. The presently available tests of clinical vestibular function are not now that aircraft can easily exceed the physiological envelope of the
capable of identifying a group of pilots (e.g., cases 2, 3, and 4) who human organism. When there are no survivors from a mishap,
possess traits that render them highly susceptible to spatial investigators will be able to use the models to reconstruct the
disorientation. At present, specialized acceleration devices and dynamics of expected spatial orientation perceptual responses in
experts familiar with normal responses are required to diagnose this normal individuals in that particular flight condition(s). In addition,
group. For these tests to be useful in screening, large normative and clinicians will be able to envision the perceptual consequences of
pathological data bases must be constructed in order to establish vestibular dysfunction in special conditions of aviation.
accurate confidence intervals for selection criteria. Large-scale
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1. Aggressively test vestibular function in a) survivors of suspected 364, 1990.
spatial disorientation mishaps and b) pilots experiencing difficulties
with instrument flying. 13. U.S. Naval Flight Surgeons Manual, 3rd edition, Neurology

appendix 7-G, 1991.
2. Build a data base of normative and pathological responses to each
vestibular test such that limits can be set for use in screening 14. Von Gierke, H. E., (ed), "Evaluation of Tests For Vestibular
applicants. Determine the performance decrement for each test as a Functioning." Aviation and Environmental Medicine, 63, No. 2,
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3. Develop a program to monitor rehabilitation of aircrew 15. Guedry, F.E., and O'Leary, T., "Recommendation For a
recovering from acute vestibular insults. Familiarization Device to Demonstrate Disorientation." AGARD-R-
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4. Screen pilot applicants thoroughly to a) prevent attrition at later
stages in the training pipeline and b) reduce incidence of spatial
disorientation mishaps.

5. Educate instructor pilots and flight surgeons as to the existence of
physiological traits in pilots that can result in an increased
susceptibility to spatial disorientation.

6. Improve the man-machine interface by emphasizing the
integration of several sensory modalities including proprioceptive and
auditory displays.

7. Develop a predictive model of perceptual response to acceleration
stimuli that occur in the aeronautical environment. This will help a)
mishap investigators understand the dynamics of aircraft mishaps and
b) human factors engineers in designing an improved sensory
interface to reduce spatial disorientation mishaps.
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Several aviation accidents are caused by crew coordination in addition to technical

inadequate or misinterpreted communication expertise than earlier days of pilot train-

within the crew or between cockpit and ATC. ing. This may imply that cultural differ-

Wheale (1983) revealed that of 250 airline ences more easily will emerge and have to
pilots, 40% of the first officers admitted be taken into training considerations in-
that they once or several times had failed stead of more or less ignoring them as was
to communicate their doubts about the ope- possible when the operational performance
ration of the aircraft. Proper exchange of proficiency was all that really mattered
information on the flight deck may be due for the professional pilot. With more fe-

to cultural differences (Fou4hee 1982). males entering pilot training one should
Hofstede defines culture as a value system accept that the two sexes emerge from
that affects our priorities and the de- different subcultures and consider the
cisions we make. This may indicate that possibility that different training strate-
cul"ural differences could cause a desire gies, especially within crew resource
to avoid conflict and questioning of the management training may work more effect-
authority of the captain. The spoken lang- ively than it has up till now.
uage has much redundancy and is therefore
versatile. This redundancy could also Aviation Week and Space Technology (1992)
cause problems of exact understanding. reveals than overall the world there are
What is registred by the listener is based 2.000 women transport crewmembers. This
on previous experience, learning and expec- means an increase of more than 300% since
tation, so there is a risk of false hypo- 1980. In the U.S. females represent about
thesis emerging which alledgedly has been 3% of all commercial pilots. Within the
a source for several accidents, armed Forces females have also started to

participate in nontraditional combat ope-
The problem of ambigous communication in rations. This is also the picture in Nor-
aviation has existed ever since the first way where the first female fighter pilot
multi crew cockpit and the emerging of the will complete her training in 1992.
first ATC, and has received much attention So far pilot selection criteria and train-
within human factor research. However, ing programs have been and are identical
most of this research has been performed in for both sexes in the RNoAF. Only few
the single sex cockpit and has not taken women have entered the aircraft cockpits,
into consideration the new aspect of the which may still rightly be called "male
situation: female aviators entering the territory". The few women in the Air Force
scene. have adjusted well in their jobs. This may
One should be aware that cultural differ- be explained by that the girls who have
ences do not only exist between countries, applied for pilot training have been
but also between the two sexes. The diffe- extremely motivated and competent. Another
rences include a value system which affects factor may be that these women have rea-
our priorities and the decisions we make. lized that they have had to adjust to the
We have to accept that a different value male territory with "male rules and terms".
system between subgroups do affect both However, there is a possibility that the
our perception and the decision making next generation of female aviators may
styles. With the introduction of the two differ from the pioneer generation in that
sex cockpit the instructors should acknow- they no longer will accept the existing
ledge these differences and try to create rules. We foresee that future female avi-
teaching situations which create the de- ators will demand adjustments fo the
sired outcome from the two different groups current rules to meet new requirements
of pilot trainees. If the differences are since the next generation female pilots
ignored at the start of the learning period will be provided with successful role
one may risk getting lost at an early stage models that their elders lacked, and thus
of the process. make the cockpit a "mixed double" working

place where both sexes have to adjust.
Most studies that have examined the effect
of pilot training have focused on very Several studies have revealed that men and
limited periodes of time, primarily on the women among other things communicate diffe-
ab initio training. Relmreich, Sawin and rently. Where men often use "matter of
Carsrud (1986) conclude that performance fact" messages, women are known to send
shortly after the training period is less "less direct" messages. The fact that
sensitive to personality traits than per- there are already too many misinterpre-
formance after a long experience in the tations within "male only" air crew has
cockpit. During training most people are focused on the hazards relating to communi-
motivated to do as well as possible. Over cation procedures, training and standards.
time when the profession becomes routine, Rather than ignore the sex differences or
personality charachteristics are the most hoping they will disappear, it is time to
important predictors of performance, accept the differences of the sexes and

provide information on how the differences
The present pilot training put more high- were established and why, and make this
light on personality attitudes that favour knowledge part of the compulsory pilot
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education and later part of the crew re- Hegbostad (1989) performed a survey among
source management training. 20 female commercial pilots in Scandinavia

asking why they had chosen piloting as a
With crew resource mangement training being profession. Of 15 respondents 13 reported
part of the licensing requirements this that being a pilot was an old dream come
subject should among other topics focus on true, just like the males in the Air Force.
the communicational differences between None of the females in this survey had so
male and female pilots. This focusing far experienced any negative attitudes or
should not underline the differences in a problems in cockpit. When asked if they
negative way, but point to them in such a had experienced andy difficulties between
way that one becomes aware of them and male and female pilots, nine referred no
accepts them. difficulties, two felt that female pilots

had to prove themselves over and over
In a rough inflight situation with unstable again, while four said that female pilots
wind conditions a female captain asked her emphasized safety more than their male
male copilot who was pilot flying if he counterparts.
"was happy", implying probably if she
should take over the controls. The co- The observed differences between the mili-
pilot answered that he was O.K. and con- tary female pilots and the civilian female
tinued the decent which ended with a pilots may be explained in that the mili-
crrsh killing three people. The outcome tary female pilots have to prove themselves
of this flight might have been the same if in two areas, the military system and in
the captain had taken over the controls, aviation, as opposed to the civilian female
but the setting of the cockpit gave inputs pilot who needs only to concentrate on
to a train on questions: piloting.
Would a male captain have phrased himself The first generation female aviators are
differently in an identical situation? all pioneers and have entered the premises
Would the phraseology have been the same with their eyes wide open. That means they
with two female pilots in the cockpit? have been prepared and willing to adjust to
Would it have been more difficult for a fe- the special environments of aviation which
male pilot to take over the controls from a have been a masculine world. These adjust-
male pilot? ments are necessary whenever a person
Did the copilot understand the captain's enters a new territory and wants to be
question? accepted; one behaves according to the al-

ready existing terms.
Human factors specialists who are involved
in accident investigation should not ignore The starting phase of a new era is not the
the differences between male and female problem since everybody is alert. It is
pilots. There has been a trend to treat the second phase that is crucial, because
female aviators as male pilots since they that is when the problems emerge, if any.
are performing in a masculine sphere and When it comes to aviation and women, the
since they are accepted on masculine terms. second phase starts when being a female

aviator is not considered exceptional.
A small survey performed in the RNoAF (!5 That will be when the females no longer
andd=-34) indicates, however, a different enter aviation premises on male terms.
motivational basis within the sexes for This will probably coincide with a change
applying for pilot training. While 23 of of "image" of what "the ideal pilot perso-
the males always had had an urge to fly and nality" is like. We foresee that the
only to fly, just one of the five females future image will put less emphasize on
had a dream come true when acceotpd for courageousness and action and put more
pilot training, weight on teamwork skills and communi-

cation abilities from the performers.
When asking the pilots' opinion about why This statements is not to imply that the
they thought the number of female appli- next generation female aviators will create
cants to pilot training has been so modest, problems in contrast to the present gene-
the female pilots point to the lack of role ration, but with new requirements in the
models and information about the training. automatized cockpit, the instructors have
Twentynine of the male pilots felt that pi- to be especially aware of pitfalls which
loting is a masculine profession. may reducP the effectiveness of the present

crew management training.
"How will a male copilot respond to a fe-
male captain?" Only six of the male pilots When giving feedback on performance, in-
could forsee a problem unless the female structors should be aware that women tend
was less competent than her male counter- to attribute failure to lack of ability
part. While the women felt that female while men attribute failure as bad luck.
aviators have to prove that they are cap- Women also show impaired performance when
able of being betterl threat of failure is present and when

evaluative pressure on a difficult task is
To the question "What is the ideal pilot increased (Nicholls 1975).
like?" The answers from 18 of the males
were that he/she should have a high degree In order to learn how feedback acquires
of proficiency and good temper, while 13 different meanings for the two sexes, one
put ability for cooperation first. Two should analyze the pattern of evaluative
of the female pilots did not have any feed back they experience from various
answer to this question and three r-.iked evaluators. Individual differences in
calmness as first priority and ability to attributions result in diffences in the
react adequately in stressful situations as generalization on failure effects. These
second priority, effects have a more cumulative effect for

females than for men and thus provide a way j
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of understanding why women demonstrate a 3. Foushee, H.C. (1982). The role of
trend to lag behind boys in achievement communications, sociopsychological and
areas which probably stems form the differ- personality factors in the maintenance
ent ways boys and girls have been appraised of crew roordination. Aviation, Space
in kindergarten and in school. Broverman & and Environmental Medicine, 53:1062-1066
al (1972) have isolated two distinct
clusters of traits which are seen as dis- 4. Gilmartin, P.A. (1992). Women Pilots'
tinguishing men from women. Perform!ance in Desert Storm Helps Lift
The first cluster is characterized by Barriers in Military, Civilian Market.
warmth, expressiveness, being aware of Aviation Week & Space Technology, Jan.
other peoples feelings and has been associ- 13.
ated with women. The second cluster con-
tains traits that reflect competence, 5. Hegbostad, A. (1989). Personal communi-
dominance and self confidence and has been cation.
associated with men. Even after the Femi-
nist movement this general set of stereo- 6. Helmreich, R.L., Sawin, L.L., & Carsrud,
types are being sustained. Stereotypes A.L. (1986). The honeymoon effect in
constitute a set of expectancies for the job performance: Delayed predictive
individual performer which will be re- power of achievement motivation.
flected in the observers evaluation of the Journal of Applied Psychology, 71,
performer. 1085-1088.
Deaux (1974) asked employees who held
first - level management positions within 7. Nicholls, J.G. (1975). Causal attri-
several organizations to identify the butions and other achievement - related
causes for either their success or failures cognitions: Effects of task outcome,
in job related situations. The women in attainment value and sex. Journal of
the study made use of "effort" in explain- Personality and Social Psychology.
ing their success, while the men used 31: 379-389.
"ability" more than effort. 8. Wheale, J. (1983). Crew coordination on
These differences in attribution strategies the flight deck of co-nmercial transport
may also mirror the different communication aircraft. In: The Flight Operations
strategies in men and women. Attributional Symposium, Dublin, 19-20 October 1983.
strategies will influence on communication
within a close relationship, i.e. cockpit.
Such communication patterns are useful in
justifying one's own actions and question-
ing those of close associates and are
evoked primarly in situations of conflicts.

These trains of thought are not reflecting
pessimistic minds, but rather an identifi-
cation of social psychological problems
that may rise in the cockpit some years
from now for different reasons, one: there
will be a change of cockpit setting when
beeing a female pilot is not unusual, and
two: there will be a trend toward a more
androgynous cockpit in the future because
the requirement for pilots will be people
who give priority to human understanding,
who are compaý ionate and friendly at the
same time as th•y can demonstrate inde-
pendence, assertiveness and leadership. If
selection criteria are changed in order to
take care of the new requirements of pilots
the present CRM programs may have put
emphasise on subjects that will be a matter
of course in the future and thus even more
time can be spent on the difficult art of
communication. This paper is meant as a
reminder that the pilot personality is
changing along with society, even if some
people still thinks that Wolf's "the right
stuff" is still what makes a real pilot.
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Intrdctan

En 1990, les accidents stir les routes franqaises on:

entrain la mort de 10289 personnes (6295 automnobilistes).

INFLUENCE DE LA SENSIBILITE Malgr6 tous les perfectionnements que l'on puisse apporter
INDIIDULLEAU SRES SU LEaux diff~rents syst~mes de retenue (en supposant que tous

COMPORTEMENT (ATTITUDE ET les usagers utilisent ces dispositifs), et en tenant compte des

PERFORMANCE) D'EVITEMENT D-ACCIDENT amdliorations encore possibles en renforcement des
structures des vihicules, dans 51 % des cas au moins, la

Claire PETIT', Alain PRIEZ2, Claude TARRIERE3 , violence des chocs est telle qu'ele apparait au-delA des
Andr6 DTTMA4, velye VRNETMAUy5, ressources techniques et dconomniques connues en s~curitt
Andr DITMA4, Eelye VRNETMAUY5, secondaire (THOMAS, 89). Dans ce cas, pour plus de la.

moitid des accidents, ]a seule solution rrl~ve de la s~curitd
primaire et de l'~itement de l'accident.

R~au~mkLe syst~me anti-blocage de roues est le syst~me de

Le DNpartement des Sciences de l'Environnement de s~curit6 primaire le plus prometteur, de la demni~re decennie,

RENAULT 6tudie le comportemen: d'un large dchantillon propos6 sur des v~hicules de sdrie. A son apparition,

de conducteurs (100 personnes des deux sexes, de tous certaines compagnies d'assurances ont propose des primes
Sges et de toute exptrience de conduite) implinqu~s en r~duites pour les vdhicules dquipis de ce systrme. Apr~s
situation accidentelle (simulation d'une intersection entre quelques atnndes de recul, ces mEmes compagnies ont
deux voies). supprimd cc: avantage car les vdhicules concemn~s ne

semblent pas Etre momns impliqu~s dans les accidents que
Le but Cs: d'analyser la mani~re dont le conducteur les v~hicules non dquipds. L'avantage du syst~me anti-

d'une voiture utilise oti non Ie dispositit' d'antiblocage des blocage de roues est pourtant dvident il permet de
rouies, non seulement pour freiner mais aussi pour effectuer conserver le contr6le du vdhicule durant Ia phase de
tin d~port lathral afin d'6viter l'obstacle. freinage, en utilisant au mieux les conditions d'adhirence,

11 aparat qe lasenibillt ds sjetsau tres, ce autorise des distances de freinage minimales en :ouics

tvalu&c par une approche physiologique pendant les stain.S e efracsd ytm niboaed

exporiences mais aussi par des tests psychologiques rdalisds rusn otpsmsse otl usind o

avant et aprts les exp~rences, explique pour une part non fial:surotreepsedminenem e

nd~gligeable la rtussite ou pas de l'tvitement de l'obstacle. rdcind obedsacdnse e itms

Parmi les 37972 accidents corporels impliquant au

momns tine voiture survenus sur les routes franqaises en

1990, 13749 sont des accidents A deux voitures seulement

don: 3243 hors agglomdration et en intersection. Cette
configuration d'accident, qui correspond i un quart des

1 Instilut do Recherche Biom~canique et Accidentologqgue accidents impliquant deux vdhicules, semble typique de
(IRBA) celle oij un systtme anti-blocage de roues apporterait tin

HWpital A. Par6, 9 av. Ch. do Gaulle, F92104 gain considgrable en s~curit6. L'twde d~crite dans cc: article t

Boul~nsBillncort Cdexest baste sur cc type d'accidents.
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3 Renault, Direction des Etudes. Ddpartement des
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5 Laboralolre CNRS do Physiologis Neurosonsoriolle
Set. 404, Univorsiti C. Bernard - Lyon 1, F69622
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Prolocole exnkrimental deux dans la partie matdrialis&e par les c6nes. A ces deux
intersections, des voitures R 19 respectant un "stop' sont

100 sujets, tous volontaires, ont dt recrut&s parmi le arretdes avec des conducteurs A leur bard. La vision du
personnel de Renault. Ils ant 6td s~lectionnds A l'aide de sujet, au niveau des deux intersections est limit~e jusqu'au
tests psychom~triques afin d'6valuer leur dmotivit6 (test de dernier moment par des murs artificiels et non dangereux

personnalitt d'Eysenck et test de stress de Stroop). Les (polystyrene, ... ) qui masquent les R 19 arret&s. Les autres
personnes retenues posstdent toutes leur pernas de intersections peuvent etre relativement ddgag~es ou

conduire avec une exp~Ience plus ou moins importante masqudes par la vegetation.

mais ne sont pas des pflotes professionnels. Quatre groupes Le sujet effectue g~ntralement trois tours de circuit

de 2 sujts nt dd cnstiudsafin de se famtiliariser avec la. voiture et le parcours. Le
pas e grui p e dA dis poe.u e viue i W s nombre de tours peut varier de faqon A ce que les sujets

pas quipc d'BS.patientant dans la zone d'attente ne puissent 6valuer la dur&
- legrope 2disosed'un voturedqupde de I expernmentation. Chaque sujet d~couvre le circuit

d'unABSmaisWenestpas nfom6.quand il commence 1'essai et les sujets devant passer nont
- le groupe 3 sait que son vdhicule est dquipd aucun contact avec ceux qui ant d~jk effectu6 le test. La

d'un yst~m ABS.dur~e d'un tour est de 4 mn et la dur~e d'un passage est
- le groupe 4 dispose d'une voiture 6quip-6e donc d'environ 12 inn. La vitesse de cansigne est de 100

d'un ABS et a requ une formation d'une demi- km/h dans les lignes droites, 80 km/h da- .s virages~et 30
journee. Cette formation comprenait une partie kn/h dans les voies de liaison Un experimentatcur, toujours
thdonique expliquant le but et le fonctionnement du le mimre, est assis A cote du sujet pour lui transmettre les
syst~me anti-blocage de roues ainsi qu'une partic cninsd ies td enut tsasrrd epc
pratique constitute de demonstrations et d'exerciccs decs consignes .deviesse etdecnduiteu esassurer dusil rspcrt6
d'dvitement. La formation a lieu un A deux decscnige.Lxormnaerasueasi ascrt
avant les essais. du sujet en comrgeant toute manoeuvre pouvant devenir

dangereuse.
La n~partition des sujets a et r~alisde apres les testsDuatl eiroraR1pac Adiedea

psychomdtriques de fagon A obtenir des groupes duim nescinetrmlcepru eregnI
homogtnes en ige. en anciennett de permis de conduire et an de ~es intmersection R1st mLac patre dun leurre passe
en 6motivitt. Le fait de recruter la population d'essai parmi ayvant de es bar~ s dune ue R1. La ventur du sujetl pase
la population active entraine une sous-reprisentation des deatdsbrirsotqesqisretd inld

personnes igdes. Plus de 70 % des conducteurs; impliquds synchronisation pour le demarrage de l'obstacle. Les murs

dans ce type de situation sont cependant repr~sent~s. masquant l'intersection ne permettent au sujet de voir
]'obstacle qu'a6 moment oil celui ci surgit sur leur voie. A

Parmi les 100 essais effectivement r~alisds, 70 cet instant. campte tenu de la vitesse de 100 km/h et d'un

seutlement ant pu etre retenus, soit A cause de dWaillances temps moyen de reaction estim6 A 0,8 s, il manque environ

techniques survenues en caurs de conduite, sait A cause de 15 in pour qu'un freinage pur sait suffisant pour 6viter

configurations " situationne lies" trap diff6rentes de Ia l'obstacle. La vitesse mayenne au niveau de l'obstacle est

mayenne. Ces 70 personnes se rdpartissent de Ia fayon approximativement de 50 km/h. La voiture obstacle traverse

suivante dans les quatre groupes cites ci-dessus :( 17 dans la premiere moitid de la route puis s'arrete. La voic de
Ie groupe 1; 19 dans le groupe 2 ; 19 dans Ic groupe 3 ;16 gauche est libre pour laisser le passage au sujet. Ceci

dans Ie groupe 4). constitue une situation tr~s difficike o~i la preminire Tiaction

de6vitement doit Etre Ia bonne.
Les sujets sont prevenus que 1'etude porte sur Ia

secunte priinaire ec que leur comportement ainsi que celui de Les parain~res suivants sont enregistres pendant
Ia voiture serant en~egistr~s durant un parcours; de conduite toute Ia durde de Ia conduite
sur circuit pouvant comporter des "situations critiques". La -debit capillaire

voiturc utiliste est une R 25 TX 1. Pour les sujets du premier resistance cutan&c
groupe, le dispositif anti-blacage de roues est d~connecte, le -temnperature cutan&e

freinage est donc classique. -potentiel cutand

-fri~quence respiratoire
Le parcours fermei, constitue de voics de liaisons. de -frequence cardiaque

tronqons de circuit et (rune route A deux voies (largeur 7 in) e lectroinyagrammes (EMG) du biceps et du
matiriaWist par des c6nes sutr une aire de digagement. fl~chisseur des doigts
Plusteurs intersections sont traversfes par le parcours dont
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- lectro-occulogramme (EOG) horizontal et sujet et sur le vdhicule par rapport au m~ment oii ii aborde
vertical l'intersection et sa. rdaction face A une situation d'urgence.
- une micro-camrdra viddo est fixde sur la tempe

dwoite du sujet pour enregistrer son champ visuel
- une camdra vid&, est fixde sur le coin droit de iuts
la planche de bord pour firner en buste le sujet
pendant l'expdrimentation Influence du groupe d'appartenance

Une quinzaine de parani~tres 6taient aussi recuejilis
sur le vdhicule mais uls ne seront pas ddtaillds dans cet On rappelle que la population dtudidc est divis&e en
article. quatre groupes en foriction de l'information du sujet quant A

la prdsence du systtme anti-blacage de roues. L~es groupes
sont homogdnes en 1ge et en sensibilitt aux situations

Matkriek-- et mdihodes stressantes.

- groupe I :le syszdme ABS est ddconnect6 (freinage

Le propos de cet article dtant d'dtudier l'aspect "ordinaire')
physiologique et psycholagique du stress du conducteur, on - groupe 2 :Ia voiture dispose de l'ABS mais le
s'intiressera essentiellement aux trois premiers signaux (le conducteur ne le sait pas
potentiel cutand amnsi que les frdquences respiratoire et - groupe 3 Ia voiture dispose de lABS et le

cardiaque n'dtant pas encore analysts). Ces signaux sont conducteur le sait
recueillis sur l'intdrieur de la main gauche, les capteurs dant - groupe 4 Ia vaiture dispose de l'ABS et le

disposts de faqon A ne pas giner la tache de conduite. conducteur a ttd formd-

La rdsistancc cutand~c (W•) est enregistrde en utilisant L'influence du groupe est rdsumde dans la figure 1.

des 6dkctrodes Capsulex impolarisables de 30 mm2, fixdes % 'Oucho* DECNT S ,ESI

par un sparadrap autocollant sur la deuxi~me phalange de So- PONCTION OU QROUIf ALPUR I.LS APPAMMUNNEMO

l'index et du majeur. La risistance est mesurte avec unSo

courant cantinu. Toute influence entre le potentiel. recucilfli 40

au niveau du poignet, et la rdsistance est 6liminte par Ie fait 13..0I
20.

mdkme du positionnement des dlectrodes.

Le dibit sanguin est mesurt grice A un Hematron a l l2~ o

(Dittmar, CNRS/ANVAR brevet n'85 15932), systtme
mesurant en permanence la conductivit6 des tissus efl fleurt I
utilisant le principe de la clairance thermique (diamdtre du
capteur 25mm). Le terme "tentative d'dvitement" concerne les sujets

qui ont effectud une manoeuvre complexe d'dvitement, A
La tempdrature cutande est mesurde par une savoir freinage et action sur le volant. Meme s'ils Wont pas

thennistance de faible inertic (10K3 MCD2 Beatherm). Un rdussi. une telle manoeuvre dtait ndtcessaire pour dviter
capteur de 4 mm2 est tixt par une glue non caustique sur le l'obstacle. Dans cc cas, lc choc pauvait Eire mains violent.
milieu de Ia face interne de ]a main. Une variation d'environ Compte tenu de la violence du choc, les sujets du groupe I
un centitme de degrd peut etre ainsi dttectte. Ces mesures auraient pu 8tre gravement blessds. Les personnes des trois
ant pour but dobjectiver la capaciti du sujet A utiliser les autres groupes ayant tenitt un ivitement auraient eu des
possibilitts du vdhicule dont ii dispose. blessures plus ldgdres ou auraicnt dtt indemnes. L~e but de

Afin de contr6leT I'motivitO globale des sujets cet article n'6tant pas d'6tudier les blessures suivant la

confrontes A cette situation, chacun d'entre eux doit remplir sdviriti du chac, les auteurs ne ddtailleront pas plus cet
un questionnaire d'auto-tvaluation (test ASTA) avant et aspect.
aprts Vcssai. Les diffirents tests psychometriquesSilo inresaucm rtetduodcer
permettent :d'une part d'obtenir des groupes homogtncs en fc n iuto onee acpct tlsrtueterme drtmotivitt afin de ne pas biaiser les risultats; d'autre faes Iunesituation dounn et I~m sant-capaide rouut ,ile toute
pars de ditterminer pour chaque sujet son Etat Emootionnel leconsidde bilrdmdnt ls sz rres anoirbaes det bl uchs. Tu
avant et aprts le test. Les premiers tours de circuit servent A cnsdrrgalentesbrsnoestbach.
Otablir des rifirences pour les paramintres recucillis sur le



L'int~ret d'un systtme anti-blocage de roues semble Physiologie du comportement du conducteur

inum&diat ; en effet, seul le groupe qui n'en dispose pas n'ae risprmrsphsooiue rsn~

pu iussi auun titemnt.(rdsistance et temperature cutanis, debit sanguin) ont &6d

40% des sujets tentent (avec r~ussite ou non) un enregistr~s en continu depuis le moment o6i le sujet est

manoeuvre d'6vitement en tournant le volant. Ce insta1l6 dans la voiture jusqu'au moment o4 it est interrogd

pourcentage passe A 80 % dans le cas des personnes sur ses impressions aprts le passage de l'obstacle. La

formries pendant une demi-journ&t aux manoeuvres valeur de r~fdrence au repos est dtablie quand le sujet est

d'dvitement. assis dans la voiture A l'arrit. La valeur de rdfdrence de

conduite est moyenn~e sur toute la durde du trajet avant
Le test a dtL jugd vraisemblable par la totalitd des lapparition de l'obstacle (12 mn environ). La valeur

sujets et seul un trts faible nombre ont estini6 que l'obstacle correspondant A linstant de stress caus6 par l'apparition de

nrta6it pas suffisamment r~aliste. 11 est A noter qu'aucun des l'obstacle sur la trajectoire est appelde valeur "choc'. quelle

sujets ayant jugd l'obstacle peu rnaiste ne la dvitd et tous que soit la performance du sujet. Enfin une valeur dite de

ont eu une reaction trts tardive. "rdcupdration' est mesur~e apr~s I'arr~t de la voiture,

pendant que le sujet donne ses impressions.

Influence de la personnalit~k du conducteur La figure 3 donne les valeurs moyennes (tous sujets

Lors de leur prdsdlection, tous les sujets ont rnais6 confondus) correspondant A chacune de ces phases.

une s~fie de tests permettant d'dvaluer leur personnalitd (test kt

d'Eysenck) et leur rapidit6 de rdaction (test de Stroop). Ces 200-

tests, r~ais&s par Mine Pailhous -psychologue-, ont permis w IO

de rtpartir la population 6tudide en quatre groupes en 10

foriction de leur capacit6 A r~agir A une situation stressante: ~4 140-
A-trts peu sensible au stress; B-peu sensible au stress ; C-

assez sensible au stress ;D-tr~s sensible au stress.

L'influence de ce parameitre est r~sum6e dans la figure 2. 1 00
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figure2

La capacitd des sujets i effectucr unc manoeuvre

d'Evjtement semble tr~s lite A leurs facultes de rI~actions

tmotionnelles. Seuls 37% des sujets peu sensibles aux 9 3
I..

situations stressantes ne r~agissent pas correctement 32

puisqu'ils nassocient pas le coup de volant au freinage en M1

voyant apparaitre l'obstacle. Parmi les sujets les plus 30

sensibles :les deux-tiers d'entre eux sont soumnis k une2.

surcharge dinotionnelle les empechant d effectuer Ia bonne .-B10 C0DJ COOZ INTERVO

manoeuvre. Viw desfti , debit swguin et temperature cutuldc au couws

des diff~fetwis paSes de t'expenineflWlo. Les vaieurs Sont des
doum~es brutes mnoyenn~es sur 1enscsniblc des -ujet&.

figure



Les valeurs les plus hautes de resistance ont etd eh

enregistries au repos, avant le debut de la conduite. M~s que 0

la voiture commence A router, le sujet se mobilise et sa w 140
Z 1 30

resistance cutan~e baisse de 18% par rapport i la reference 120
0 110

de repos. Au moment du choc, la resistance chute de plus 1 00

de 30% par rapport A la reference, pour revenir ensuite A la z 0

valeur enregistree lots de la coiiduite, une fois que le stressLo 7
w 60O

a un peu diminue. Un retour A la valeur de reference au g 50
4,0

repos demanderait environ dix minutes. REW5ITE TENTATIVE MENAGE FKN

La temperature cutante ne cesse de croftre, et ceci
probablement pour des raisons ddpendantes de la z 50
temperature environnementale. En effet, lors des mesures
prises au repos dans la voiture, les porti~res sont ouvertes - ,5

pour pouvoir tester tous les paramritres. La temperature
cutande prdsente alors les valeurs les plus basses. Pendant
la conduite, les vitres sont fermhes '.a temperature dans 35

ihabiracle se rdchauiffe et entraine ie elevation de la FIUST TETTV FFW FE

temperature cutande. Par contre, le choc a un effet 6

suffisamment stressant sur les conducteurs pour stopper
instantanement certe elevation constante de la temperature et

tie ia baisser en une fraction de seconde de pr~s d'un 2

dixi~me de degrd en moyenne. Le choc passe, Ulelvation de

la temperature reprend le meme cowrs que pr~6enimment.

Quant au debit sanguin. la valeur au cours de la FESIETNAIEFIIOE FE
conduite est plus dlev~e qu'au repos, comme si les sujets se Varitiont des rdsisuance. debit sanguin et ternp6matue cutan&. a
relaxaient apres Yattente du depart. Cependant, it existe un momient du chc, en fonton du r~su!¶atde la anocumTfratis&.
lien certain entre la temperature et le debit sanguin cutares, figure 4
aussi )'augmentation du debit durant ]a conduite est peut etre

Mie A I'flevation de temperature preckdemnment d~crite. Par
contre, le choc a le meme effet stressant que sur les deux Les deux colonnes de gauches rcprescntent les sujets
autres parameitres et abaisse ti~s rapidement la valeur du ayant effectu6 une manoeuvre correcte, reussie ou non. Las
debit, qui reprendra sa valeur prtcedente une fois l'emotion valeurs moyennes de chacun des paramritres est plus basse
passee. clans le cas d'une manoeuvre adaptde.

Ces trois param~tres permettent de bien correler un itat

physiologique A un stress dii A un evenement particulier. fsuio
Ceci avait deji Wt presenti lots de precedents travaux par
Dittmar et at (1985). POUr approfondir Vintfret de ces Las conditions experimentales correspondent A une
mesures, on difftrencie maintenant les differentes strategies situation tits critique, une manoeuvre de freinage put dtant
dc conduite :rdussite. tentative d'evitement, freinage seul, insuffisante pour 6viter l'accident. Dans une telle situation,
aucune reaction. Les resultats presenites sur la figure 4 l'avantage du systtme anti-blocage de roues est flagrant.
donnent les valeurs des trois parani~tres physiologiques Auctin des sujets nen disposant pas nat reussi i eviter
lorsque Ia voiture obstacle sest engag&e suTr le cmnisement. l'accident. La seul fait den disposer petmet d'dviter

l'accident dans 20 % des cas. La formation des sujets
contrbue k dviter prts d'un tiers des accidents.

Dans les trois premiers groupes, 50 A 60 % des
sujets nont pas essaye de tourner le volant alors que la
distance k la voiture obstacle itait trop courte pour qutine
manoieuvre de freinage pur soit suffisante. Dans le groupe
qui a requ une formation, 80 % des con( .cteurs oint realisd



une manoeuvre appropi-ide. L'amdiioration considdrable de Par exemple, la tempdrature dvolue toujours apr~s une
la performance met en dvidence l'utilitt d'une formation de certaine latence par rapport aux autres param~tres. Ce
ce type (Priez et al. - 199 1). phdnom~ne est sirtiplement d(I A l'hystdrdsis thennique de la

peau. Ces variations "inter-paramditres" sont normales car
11 pout etre surprenant au premier abord de constater lspdo~e hsooiusergsrssn smique le troisitme groupe, informd de la prdsence du systdme lifrnses phxno enes phsolgqe s eed nraegisyrssonmtids mai

anti-blocage de roues, obtient de moins bons rdsultats que ledffenseecuntnerodnesytmiu.
deuxi~me, non informd. Cette contre-pcrforrnance pout Par ailleurs, le fonctionnement du syst~me nerveux
s'expliquer par une mauvaise connaissance du syst~me ani autonome varie d'un sujet i un autre. Ceci conduit au fait
blocage de roues et un sentiment de sdcuritd suppidmentaire que les moyens A mettre en oeuvre pour I'dvaluer devront
provoqu6 par un outil gdndralement mal utilisd. Ceci eSt 8tre adaptds A chaque individu (Lacey et al., 1953). En
confort6 par les interviews rdalisdes durant les essais, ob les effet, certaines personnes manifesteront plus leur variation
sujets ddcrivent le syst~me anti-blocage de roues comme un comportementale par une modification de la valeur de
dispositif permettant un freinage plus efficace ct de rdsistance alors que d'autres le feront plus par des
meilleure qua14t (cest A dire un freinage optirniisd, plus fluctuations du ddbit sanguin. Ccci impose une 6tude en
puissant, et une distance de freinage nettement raccourcie en parall~le de I ensemnble des param~tres. Cependant tous les
toute circonstance). sujets prdsenteront des valeurs les basses possible de

4Sa capacitd A rdagir A des situations stressantes ne rdsistance, ddbit et tempd6rature en cas de mobilisation de

permet pas de prdvoir la performance que rdalisera l'attention ou -a fortiori- de stress.

ultdrieurement un sujet donind. La qualit6 de la rdaction Ccci se retrouve dans les rdsultats de la figure 3 oiz
dUpend aussi des conditions dmotionnellcs et l'apparition de lavoiture obstacle constitue bien dvidemnment
environnemnentaics au moment du test. Dans cc cas, les tests un stress par rapport & la pdriode de conduite prdcddente. A
psychomitriques permnettent d'homogdndaser les groupes cc moment IA, pour l'ensemble des sujets, les valeurs; de
lors de leur constitution et d'anticiper sur la qualit6 de la rdsistance et de ddbit ont considdrablemcnt chut6
r~action mais non sur la performance. LUs deux tiers des Idldvation constante de la temp~rature au cours de tout le
sujets peu sensibles au stress ont correctement dvalud la test s'est trouvde, cule aussi, stoppde net.
situation ct fourni une r~action adapt6e. Parmi les personnes
sensibles au stress, soul un tiers a pu fournir une rdponse L'dtude comportementale conduit & la m~me
adaptde. Pour comprendre la r~action de chaque sujet, il es conclusion :souls Ics sujets dont les valeurs de rdsistance,
ndcessaire d'en Evaluer lHtat psychophysiologique en d~bit et temp~rature Etaient suffisamment faibles se sont
continu. Ceci est rdalisE par l'analyse des signaux bien comportdes face au stress (figure 4). Cc qui revient A
physiologiqucs prdsentds. dire que souls les conducteurs qui se sont suffisamment

investis ont Pu rdagir correctement. Ou, en d'autres termes,
Des valeurs 0-levtes de rtsistance, d~bit et les personnes qui Etaient trop ddcontractdes lorsque la

temp~rature sont synonymes de ddcontraction er chutent lors voiture obstacle leur a coupE la route, nont pu faire face A la
d'un stress ou d'une forte charge mentale. Ces situation et sont rentrdes dedans de plecm fouet .
caractiristiques ont maintes fois Ett ddcrites en laboratoire
ou sur stade, A l'occasion d'exercices do tir au pistolet Les valeurs; initiales de rdsistance cutande, de d~bit
(Vernet Maury et al - 1990). Elles se trouvent ici confirmndes sanguin et de temp,6rature cutande sont intrins~ques A
pendant une phase de conduite automabile et lors d'une chaque sujet. Les memes valeurs seront recueillies d'un
situation draccident. Le fait d'utiliser un grand nombre de examen A un autre si le sujet se trouve dans Ie ri~me dtat
capteurs de mesures, uniquement pour Evaluer Ic psychologique (pas de fait 6motionnel ou effort physique
comportement du conducteur, permet de minimiser rdcent) et se trouve placE dans le mime environnement.
l'influence des facteurs externes dans une exptrience tres Cette reproductibilitd facilite l'interpritation de plusicurs
bruitdc. 11 est en effet difficile, voire impossible, d'eliminer essais rdalisds avec: le meme sujet. Par contre, dans le cas de
dans ce type de test l'influence de facteurs tels que les lHtude pri~sentde ici, la dispersion des valeurs initiales
conditions climatiques, la circulation sur le site d'essais ou recucillies d'un sujet A l'autre (correspondant, probablement
meme Ia d&couverte, pour Ia majoritE des sujets, du site et pour une part, A son degrd de ddcontraction initiale),
de la conduite dfune R25. entralne de tr~s grandes valeurs d'6cart-type. La

presentation de donn~es exprim~es en tenme de variation par
Les trois paranft s physiologiques Etudids Evoluent rapport A une reference de depart aurait permis de rA-duire

dans Ie mieme sons au cours du test de conduite. avec ces Ecart-types. Les auteurs ont cependant prtfifrE, pour des
pourtant quelques diff~rences propres A chacun d'entre cux.



*raisons techniques, presenter des rdsultats exprimds en m~me dans des circonstances exp~rimentales ddlicates,

valeurs brutes, au ddtriment d'une variance exagrfrnment telles qu'un vdhicule se d&plaqant sur un circuit o6i divers

grandie et limitant la significativitd de l'interpr~tation. Pour 6vdnements se produisent, ii est possible d'dvaluer

tenir compte de ce fait, les prochains r~sultats seront physiologiquement le niveau de stress d'un conducteur et, a

exprim-is en pourcentage par rapport ý une refdrence estim&id fortiori, pour un sujet impliqu6 soudainement dans une

soit au repos, soit durant la conduite. situation d'accident. Par ailleurs, il est possible de rattacher
ces mesures A une notion de performance dans la tache

La figure 2 pr~sente ['influence de la sensibilit6 au r~alis~e.

stress sur la performance r~alisde. La figure 4 pr~sente

l't'volution des diff~rents paramrjtres physiologiques en

foniction de cette performnance. De mrime, ii serait intdressant

de verifier I'hypothese immiediate selon laquelle un sujet

donne n'aurait pas r~agit. ou mal r~agit, face ý la situation

accidentogede car ii aurait 6t paralysd par la peur ou par Bibliographie

une surcharge 6motionnelle. Maiheureusement, la

correlation entre les r~sultats des tests psychom~triques et

ceux des mesures physiologiques ne peut pas ýtre faite DITTMAR, A., SAUMET,J.-L. et VERNET-
MAURY, E. (1985)

immediatement. Les rdsultats prdsentds ici ne sont que Apports des param~tres thermovasculaires dans ['analyse de
prdlirninaires. !-e traitement des donndes continue et la rdponse 0lectrodermale.

diverses m~thodes de mise en forme doivent encore ýtre J hso.(ai) 0 ,2

test~es. 11 convient toutefois de rappeler que des r~sultats EKMAN, P., LEVENSON, R.W. e( FRIESEN,
W.W. (1983)

coontaires ý ceux attendus. voire contradictoires, obtenus Autonomic nervous system activity distinguishes among

avec diffdrents param~trages du Syst~me Nerveux emotions
Science, 221 :1208-12 10

Autonome (SNA) en rdponse A diff~rentes stimulations, ont

conduit Mulder (1973) a imagin6 que chaque 6motion avait LACEY,J.I., BATTEMAN, D.E. et VANLEHN,
R. (1953)

son propre profil de ri~ponse du SNA. Cette hypothese a &6 Autonomic response specificity : an experimental study

prtouv~e dix ans plus tard par Ekman ( 1983) Psychosomatic Medecine. 15 : 9-21

MULDER, G. (1973)
Methods and limits of psychophysiology
Psychiat. Neurol. Neurochir.. Amst., 76. 175

ConlusonPRIEZ, A., PETIT, C., GIJEZARD, B.,
BOULOMMIER, L., DITTMAR, A.,

Plusieurs conclusions doivent &tre apportees. MWme DELHOMME, A., VERNET-MAURY, E.,
si cette partie de I'6ude a ýt peu explicit&e ici, il faut PAILHOUS, E., FORET-BRUNO, J.-Y. AND

TARRIERE XC (1991)
souligner l'int&r~t de ('ABS. L'efficacitý de ce syst~me est How about the average driver in a critical situation ? Can he
reelle. Sa seule presence suffit ar sauver les automo,-bilistes really be helped by primary safety improvements'?

13th ESV Conference, Paris, 4-7 November 1991
places dlarts une situation similaire dans 20 % des cas. De T O A, C, K LC A IN .
plus, une formation adapt~e permet d'augmenter TARRIERE, C., TARRIERE, B.. GOT, C. el
consid~rablement son efficacitd. PATEL, A. (1990)

Les priorit~s en s~curitd primaire que dtesignent les limites
I~o ran nobre e dvelppemntspeuent de faisabilitd technique en sdcurit6 secondaire automobile.Un gandnomre d clvelppemntspeuent XXIIfe congr~s F.L.S.I.T.A., Turin, 7-Il mai 1990

encore ýtre rdalisds partir des donn~es
psyhohysolgiqesreceilis. 1 embe otanmnt VERNET-MAURY, E., SICARD, Gi., DITTMAR,
psyhohysolgiuesreucllis.II emlenotmmnt A. et DESCHAUMES-MOLINARO, C. (1990)

intdressant de consid~rer les variances des param~tres Autonomic nervous system preferential responses.

physiologiques en plus de leur niveau. La mise en 6vidence Activ. Nerv. Sup., 32 : (1) 36-37

de relations entre les caractedrstiques des sujets r&v66es par

les tests psychologiques et par les r~ponses physiologiques

n'a Pu em:e dmontr&~ jusqu'A present par la lirttrature, elle

sera peut itre facilitý par le fait que le sujet est placd en

situation critique. De telles relations, si elles existent,

permettront. peut ýtre, entre autre. de determiner si

l'hypoth~se initiale d'une peur paralysant le conducteur et
limlitant ses reactions est v~rifide ou non. 11 apparait d&jA que
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1. SUMMARY TDC Transportation Development
Centre of Transport Cana-a

This paper shows how a combination of VFR Visual Flying Ru.es
microprocessor-based simulator
technology and magnetoencephalo- 3. INTRODUCTION
graphic/electroencephalographic
(MEG/EEG) techniques is being used in In general aviation (GA), emergency
a program of research focussing on situations such as engine failure or
the effectiveness of training in entry into turbulence/windshear
precision flying in order to prepare conditions - leading as they often do
general aviation pilots for emergency to loss of control resulting in a
situations during take-off and stall/spin or excessive descent rate
landing. The simulator, repreE~nt- of the aircraft (1,2) - are critical
ative of a light twin-engine during take-off and landing. Under
aircraft, affords safe low-cost the best of conditions, workload is
experimentation. Evoked potentials, high for these operations since they
obtained with application of MEG/EEG require the pilot to process complex
techniques and interpreted within the inputs to the brain arriving through
context of an information-processing different sense modalities in the
model, are expected to add sig- presence of distraction. When
nificantly to information obtained emergency situations occur at these
from conventional measures of times, they can readily lead to
performance and workload. The basic accidents not only because they add
procedure in the series of studies in considerably to normally high work-
question involves exposure of load, but also, and perhaps more
experimental groups to simulator- importantly, because they do so at .

generated formation flying scenarios, time when proximity to the ground
with instructions to follow the requires extremely prompt corrective
'leader' pilot: in subsequent test action with virtually no margin for
scenarios requiring take-off and error. Serious enough in Visual
landing under engine failure and Flight Rules (VFR) flying, these
turbulent conditions, the performance situations are even more difficult to
of experimentals will be compared manage in Instrument Flight Rules
with that of controls. The paper (IFR) conditions which, in general,
concludes with a discussion of the entail still greater workload. The
safety implications of outcomes for magnitude of the problem is indicated
general, military, and commercial in the most recent reports of GA
aviation. accidents in Canada, according 4o

which almost 7u% of those listed are
associated with take-off or landing

2. LIST OF SYMBOLS and, of these, some 30% are indeed
due to a loss of contol resulting in

CNV Contingent Negative stall/spin or excessive descent rate
Variation (3,4).

EEG Electroencephalography
EF Evoked Field Research comprising a series of
EP Evoked Potential studies - sponsored jointly by the
FTE Flight Technical Error Transportation Development Centre
GA General Aviation (TDC) of Transport Canada, Concordia
IFR Instrument Flfing Rules University, and Simon Fraser
MEG Magnetoencephalography University, and now underway in its
RT Reaction Time preparatory stages at Concordia - is



examining the possibility that on emergency manoeuver training.
training in precision flying will Figure 1 shows the system components,
enhance pilot preparedness for the these comprising (A) simulator
safe handling of emergency manoeuvers environment, (B) 'main frame'
of the kind mentioned above, microcomputer, (C) graphics work
Although currently the student pilot station, (D) experimenter/instructor
is provided with some exposure to work station, (E) performance
such situations, training practices measurement module, and (F)
nevertheless tend to be conservative, subject/trainee. The simulator cabin
emphasizing avoidance of stall/spins has the appearance of a 3eech
and other unusual aircraft behaviour Duchess. I;. addition to functioning
(5). The underlying notion of the flight instruments, the cabin is also
research outlined in this paper is equipped with instrumented controls,
that familiarity with the limits of force-feel being provided by a semi-
the safe operating envelope of the active pneumo-hydraulic system. A
aircraft acquired through training in video projector and a 90°-
precision flying will not only horizontal/400 -vertical screen, as
sensitize the pilot toward early well as speakers with audio
recognition of imminent loss of amplifiers driven by digital boards
control, but also equip him/her with with sound-storing/recall capability,
the skills needed for quick and safe complete the simulator environment.
recovery when a stall/spin or other
unusual condition nevertheless The 'main-frame' computer comprises
occurs. A case in point is found in an Intel SBC640 and an Olivetti M24
the report of a recent accident in microprocessor which, together,
which incorrect aileron rigging accommodate the flight dynamics
caused a turboprop twin to perform an model, provide input/output
inadvertent roll in excess rif 1-1/4 functions, and allcd the experimenter
revolutions (6). The report comments /instructor to interact with the
that aerobatic (or precision) flight simulator. The graphics station
training could have been a houses an Iris 3120 which acts on
significant factor in avoiding the output from the flight dynamics model
accident. Another recent example to generate the interactive scene
involves a single engine aircraft viewed by the subject/trainee. The
which was rolled nearly inverted by experimenter/instructor work station
severe turbulence during landing is equipped with a keyboard for input
phase; in this case, correct to the main frame and the Iris, along
aerobatic control inputs prevented an with a monitor displaying subject
accident (7). performance output. The performance

assessment module holds a data
A significant feature of the research acquisition system for collection of
in question is that it involves -se hoth behavioi.ral and electro-
of (a) a low-cost microprocessor- physiological data generated oy the
based interactive aircre.t simulator subject/trainee, circuitry for EEG
de,ýeloped at Concordia University signal conditioning, anu an Olivetti
(8), thus affording a safe M280 miLroprocessor which processes
environment for experimental the data.
procedures and promise of a later
safe, cost-effective training tool, Although the simulator has no motion
and (b) magnetoencephalographic/ base, validation tests with
eiectroencephalographic (MEG/EEG) experier:ed pilots in the Concordia
techniques developed by Weinberg (9) Laboratory have produced very
that are expected to add precision to positive results in terms of
measurement of both pe-formance and operational fidelity (12). With
workload. The combination of the two avionics based on the Bendix/King
technologies, currently being applied Silver Crown system, the instrument
by Concordia in the development of a panel is representative of a well
driving simulator for TDC (9,1r,l1), equipped light twin-engine aircraft.
appears readily transferrable to the Although mechanically based and
pilot training situation. therefore not easily reconfigured,

the displays are software driven,
In the paragraphs below, descriptions thus allowing for substantial
of the simulator system and the flexibility in programming different
MEG/EEG measuzement approach are waypoints/approach fixes and of
followed by an overview of experi- adjusting the sensitivity of the
mental procedures. The paper display heads. Utilizing data for
concludes with a brief description of both the Beech Duchess and the
expected outcomes of the study and Grumman Cougar, the aircraft model is
their implications for aviation based on flight dynamics principles -

training and accident avoidance, as is the case for large-scale
simulators - so that the flight

4. THN CONCORDIA SIMULATOR SYSTEM characteristics of different airplane
configurations and types, as well as

As the simulator is fully described system failures, can be easily
in other literature (8), the accnunt simulated. On balance, then, the
presented here is only that which is Concordia flight simulator is a very
sufficient for an understanding of suitable device for carrying out
how it is being used in the research research on manoeuvers too dangerous

J



to conduct in the field, while its as measures of perceptual and
use of low-cost microprocessor cognitive capability for the
technology renders it promising as a assessment of driving potential (9).
safe, cost-effective part-task Success in this instance, as well as
trainer for such manoeuvers. in previous research (16), augurs

well for their use, in combination
5. MEG/EEG MEASUREMENT APPROACH with various behavioural indices, as

measures of performance in both the
5.1 The Information-Processing "Time training and test conditions of the
Line" Model aviation studies in question.
By generating information not Further, in light of evidence
available in behavioural measures indicating promise for EEG approaches
such as reaction time (RT), deviation in the everlasting search for more
from track, numbers of errors, and so reliable measures of workload -
on, use of MEG/EEG technology to especially in terms of their non-
obtain direct measures of brain intrusiveness and ability to show
function is expected to add increases in stress of which the
measurement precision in the research pilot is unaware (17) - EPs will be
described later in the paper. A used also to measure the effects of
brief description of the information- workload manipulations during test
processing model will assist in and training conditions.
understanding why this is so. This
model holds that human responses to Finally, because use of EPs implies
external situations are determined by that a testee's problems in
the flow of information through the responding to stimuli can be pin-
brain (13). It is commonly agreed pointed to events on the information-
that this flow consists of events processing time line, it follows that
such as attention, detection, short- amplitudes and latencies of these
and long-term memory storage, form wave forms contain the essential
discrimination, recognition, inter- information for designing cognitive
pretation, decision as to the training exercises specifically
response, and preparation of an overt tailored to an individual's needs,
response. The term "flow" seems to and for assessing progress as
imply that the overall process is practice takes place. For example,
linear. However this is far from if it were inferred from low
true; rather it appears to involve amplitude P300 responses that an
many feedback and feed-forward loops individual's poor external
and, further, is influenced by performance was due to difficulty in
motivation and the general state of updating memory, then that individual
arousal of the brain. Nevertheless, could be administered specially
it is convenient to think in terms of designed memory update tasks, and his
an information-processing time line or her progress during practice could
as representing what happens between be monitored by examining the
input and output. Also, it is clear amplitude of P300 responses.
that data relating to events along Accordingly, EPs will be used in this
this time line would provide context in the emergency manoeuver
extremely useful information research discussed in an exploratory
regarding how well an individual is attempt to determine whether a
processing information from stimulus cognitive training procedure might be
input. a cost-effective way of bringing

deficient performance up to an
5.2 Use of EEG and the Information- acceptable level.
Processing Time Line
In the study at hand, evoked 5.3 Use of MEG Technology
potentials (EPs) are being used to Unlike volume currents, magnetic
obtain information about cognitive fields (which result from the
events. These wave forms reflect electrical fields producing the EPs),
changes in electrical activity in the are not attenuated or distorted as
brain occurring in response to a they pass through the tissues of the
physical or cognitive stimulus; head. For this reason, evoked fields
because they are so small, they must (EFs) generate even more accurate
be extracted from the noise of the signals than do EPs about information
ongoing background EEG by a signal processing taking place in the brain,
averaging process (14). Evidence and source localization is more
exists to the effect that endogenous accurate (16). Unfortunately,
EPs (those whose latency, morphology, however, MEG apparatus at this stage
and amplitude are dependent only on of its evolution is extremely
cognitive stimuli) can be indexed to cumbersome, consisting as it does of
cognitive events in the brain (15). (i) a gantry system supporting a
Figure 2 illustrates in idealized large dewar containing super-
form how these wave forms can be conducting sensors, a noise balancing
rel-•ed to the inf:rmatifn-processing system, and liquid helium that cools
time line along which, according to the superconducting materials to room
the model, such events occur. temperature, as well as of (ii)
Characteristics of certain EPs - computers for controlling the gantry
principally P300 and the contingent and processing the data. Figure 3
negative variation (CNV) - are being shows a diagrammatic representation
used with the TDC driving simulator of the dewar for a 100-channel system
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being developed by CTF Systems Inc. those relevant to flight technical
and the Brain Behaviour Laboratory of error (FTE), include cross track
Simon Fraser University (with funding error and variation in airspeed,
assistance from the Defence and Civil altitude, and heading. In all cases,
Institute of Environmental Medicine, these data will be analyzed and
TDC, the Department of Supply and interpreted (likely using some sort
Services, and the B.C. Institute of of neural net model) in combination
Science and Technology). Because in with amplitudes and latencies of P300
the case at hand this apparatus and the CNV, the paradigms being set
resides in Vancouver while that for up for interpretation of the former
the simulator is in Montreal, MEG as memory update, the latter as
techniques will be used largely for attention, general capacity to
source localization purposes, the aim perform, and degree of workload
being to assist in reducing the experienced. Although the main
number of electrodes required for EP thrust of the study will be to
data collection and to arrive at determine the effectiveness of
their configuration. To this end, training in precision flying in
paradigms for experiments using the handling emergency flight conditions,
simulator will be mocked up and considerable attention will also be
simplified to a degree manageable given to the relationship of workload
with the MEG apparatus. Some EP/EF to FTE. Additionally, as mentioned
comparisons will, however, be made. earlier, amplitudes and latencies of

P300 and the CNV will be used to
6. PRELIMINARY RESEARCH DESIGN design cognitive training exercises
APPROACHES specifically tailo'ed to problems of

deficient performer. an' to monitor
The series of experimental studies their performance dutC practice of
comprising the emergency manoeuver these exercises. The aim here is to
training research program is now only make a preliminary assessment of the
in its preparatory stages during utility of this approach in bringing
which system modifications are being such performers up to acceptable
made, integrating software is being levels.
developed, training and test
scenarios are being designed, 7. CONCLUSION
relevant graphical experimentation is
being undertaken, and procedures for The authors, all of whom have flying
the various studies are being experience, strongly suspect that
structured and refined. What can be outcomes of the study will support
said about the research design at the contention that training in
this writing is, first, that precision flying would indeed enhance
experimental and control groups will pilot ability to handle emergency
be involved in training and test situations resulting in unintended
conditions. Basic procedures will aircraft behaviour under both VFR and
require experimental pilots to be IFR conditions. The obvious
'trained' through exposure to implication for general aviation
simulator-generated formation-flying relates to a possible modification of
scenarios under various levels of existing training curricula. However
workload, their task being to follow it is expected that outcomes will
a 'leader' pilot. Control pilots permit generalization to military and
having the same level of experience commercial training practice. The
as experimental counterparts are to studies are expected also to
be exposed for an equal length of demonstrate the effectiveness of EPs
time under the same levels of (i) as measures of not only
workload to different scenarios, each performance but also of pilot
of these involving a task unrelated workload, particularly as it relates
to precision flying. Subsequently, to distraction, avionics display
both groups will undergo testing on design, and the geometry of landing
flying performance during exposure to approaches, and (ii) as keys to the
scenarios requiring take-off and design of cognitive training
landing under conditions of engine exercises that, by bringing less-
failure and extreme turbulence. Both than-optimal performers up to
VFR and IFR conditions are being acceptable levels, may reduce costs
incorporated into the overall design. of training.
Workload manipulations - to be
imposed at normal, moderate, and high Another extremely important outcome
levels - include, but are not limited of the series of studies relates to
to, those involving approach geometry the simulator technology itself.
and sensitivity of the instrument systems engineering carried out in
panel. order to configure the simulator

suitable for experimental procedures
In the training condition, the main will in fact have rendered it a
dependent variables are RT to cue prototype part-task simulator for
stimuli and deviation from the flight safe, cost-effective training and
path of the 'leader' pilot - in the testing in the area of emergency
test condition, RT to cue stimuli and situations. The singular advantage
deviation from the flight path of an of such a tool is that it allows the
unseen 'expert' pilot. Other student pilot to undertake frequent
important performance variables, practice at his/her own pace without
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ABSTRACT

Le rela~hement de l'attention du sujet accrolit cours de situations r~elles de pilotage de
la probabilitd de survenue d'erreurs mineures diff~rents appareils. Les r~sultats obtenus
dont l'absence de d~fection et I'accumulation montrent la sensibilit6 de 1'6nergie spectrale
sont susceptibles de conduire A I'incident. du rythme cardiaque dans la bande de

frdquence 0.05 - 0.15 Hz, A 1'effort mental du
Mulder, Vicente, Moray et d'autres auteurs sujet.
ont montrd l'int~ret de 1'6tude du spectre de
puissance du rythme cardiaque, et plus Cependant, 1'6nergie spectrale dans cette
particuli~rement de la bande de fr~quence 0.05 bande de fr6quence nWest pas corr~l~e A la
- 0. 15 Hz dans 1'6valuation de l'effort mental difficult6 de la tache, ni A la performance.
du sujet. Nous avons pr&c~demment montr6
l'existence d'une correspondance entre des Certains sujets rerachent leur effort mental
mesures de la variabilit6 cardiaque dans le lorsque la difficult6 de la fache leur parait
domaine temporel, et 1'6valuation subjective excessive, d'autres le maintiennent ou
de la charge de travail du pilote. Celle-ci est 1'augmentent sans pour autant am~liorer leur
essentiellement une charge de travail mental, performance.
dont les principales composantes sont ]a
pression du temps, le stress et 1'effort mental. L'augmentation ou 1'absence &~ diminution de

1'6nergie spectrale du rythme cardiaque devant
Nous avons poursuivi cette 6tude du rythme une t6che de difficult6 accrue, ou lors de
cardiaque du pilote. dans le domaine daches relatives A la s6curit6 du pilotage de
fr~quentiel, et d~velopp,6 un programme I'appareil pourrait constituer un facteur
d'analyse du spectre de puissance de la favorisant la survenue d'erreur et augmentant
fr~quence cardiaque tenant compte des limites la probabilitý d'incident ou d'accident.
apportdes par 1'6tude d'un signal discret.
L'enregistrement de la fr~quence cardiaque est
effectu6 au moyen d'un syst~me de
monitoring ambulatoire et associ6 A une
observation synchrone de l'activitt du sujet.

Cette mn~thode a W appliqude A des
enregistrements effectufs au cours de tests
psychophysiologiques en laboratoire et au
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RESUMEL Le D~partement des Sciences de impose & son volant. Un micro- proces se ur compare A tout

l'Environnement de RENAULT 6tudie un syst~me de detection instant les valeurs prises par certains param~tres issus du signal

des baisses de vigilance du conducteur. Embarqu6 dans le Angle Volant, avec les valeurs d'une r~fdrence dite de "Haute

vihicule, celui-ci aura pour r6lc de pr~vcnir le conducteur de Vigilance", c.,registr,.- - eý, -;nj le en debut tic parcours. Les

toute dd:~rioration de son dtat de vigilance. Le priacipe est ba~s paramn~tres choisis doivent Eire caracteristiques des diffrrences

sur l'analyse en temps rdel des mouvements que le conducte~ir existant entre un signal de haute vigilance et un signal de basse

impose & son volant. La conception d'un tel syst~me n~cessilc, vigilance. Its mettent notamnment en 6vidence les modifications

dans une phase d'6tude, de connaicre & tout instant le nivcau de intervenant sur la precision des corrections de cap 11).
vigilance du sujet A partir de signaux physiologiques. ceci af in

de determiner les paranitres du signal Angle Volant qui scront Nous developpons ici ]a phase d'dtude d'un
aptes A s'y substituer pour distinguer dcux 6tats de vigilance. tel syst~me, visant i obtenir une r~fdrrnce physiologiquc fiable
Nous exposons ici une mi~thode permettant la definition d'une du niveau de vigilance du conducteur. En cffet, ce niveau doit
r~f~rence physiologique du niveau de vigilance du conducteur. Etre connu de faqon object'vc afin d'Etrc en mesure de
fondee sur l'approche compidmentaire de l'dlectro- determiner les param~tres issus du signal Angle Volant, suivant
encdphalographie (EEG), de I'diectro-oculographie (EOG) ct de aumexlsfcttindeavilne[2.N s lo oe
l'analyse comportementale par l'imagerie video. L'analyse de aumexlsfutain eI iiac 2.Nu losdn

l'dvolution des schdmas oculographiques am~liore prdsenter une mi~thode d'analyse des signaux physiologiques

significativement la detection pr~coce de l'hypo-vigilance. foumnissant le niveau de vigilance, A partir d'enregistrements

Crkec A la connaissance de cente r~frence physiologique. nous r~alisds sur simulateur de conduite.

prdsentons ensuite les rtsultats obtenus sur le signal Angle

\4hlant en terme de detection de l'hypo-vigilanice. 2 - PRQIQCOLE EXPERIMENTAL

Les essais se sont ddroulIs sur le simulateur

I - INTRODUICTIOiN de conduite Su~dois du VTI (Vehicule Traffic Institute) afirk

d'obtenir sans danger et en peu de temps des baisses de
La fatigue est responsable en France de 26 % vigilance niarqudes. Avec 4 degris de libertd, cc simulateur

des accidents mortels survenant sur autoroute. La perle de permettait aux sujets de ressentir des impressions proches
contr6le du vihicule peut etre la consdquence d'un d'une conduite r~elle.
assoupissemen: don: le conducteur n'a pas pris conscience

suffisamment tat. malgrt l'existence de nombreux signes 27 sujets agis de 22 A 56 ans (moyenne
prtcurseurs de cet Etat. Le Dipartement des Sciences de 30.5 ans, 6cart-type = 8,18), dont 16 homnmes etI I femnmes on:
l'Environnenient de RENAULT Etudie actuellement un syst~me EtE selectiornnds sur leur propension A dmeitre des ondes alpha
embarqui de d(tection des baisses de vigilance dont Ie but Cst de les yeux fermi-s. La dur~e maximale de conduite ttait fix~e A 3
privenir le ccmducteur le plus t6t possible de toute Mitrioration heures mais pouvait etre plus courte si Ie sujet effeetuait une
de son Etat de vigilance. Cette aide A Ia conduite ne doit pas sortie de route de longue dur~e, ce qui stoppait Ie simulateur.

exiger de la part du conductcur de tiche supplimentaire Un film de route itrs monotone h 2 voics. sans intersection ni
sp~cirique i la surveillance de U'dtat de vigilance. mais doit etre v~hicule, rialist par images de synthtse leur itait projet4. Le
inhdrent A Is tfiche de conduite. Le principe est basE stir parcours consistait en un circuit boucld d'une longucur de 36
l'analyse en temps rtel des mouvements que Ie conducteur Km. cotnprenant 70 % de lignes droites et 30 % de virages &
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tr~s grand rayon de courbure. La consigne donnte aux suict.. Les caracttristiques du signal EOG se

6tait de maintenir It vdhicule sur la voie de droite A une vitesse modifient egalement tnorm~ment en fonction du niveau de
comprise entre 100 et 120 Knm/h. vigilance [41, [61, [7], 18]. Les mouvements oculaires lents

Deuxstres e sgnax t-it nreistiessur (MOL) s'avtrent &rze l'un des signes Ies plus caractdristiques de

Dad agitqeu l~e esgax~ai neit~ u a phase de transition entre l'&eil et le sommeil. Diff~rents des

bane mgnttqe:motvemrents oculaires volontaires de l'tveil, its sont d~crts

- des signaux mdcaniques : Angle ~'Voant, vitcss,; volant. comme des miouvements pendulaires de gauche As droite 17] et

vitesse du vthicule, couple volant, courbure de la route, frein, sont associds i unc e g'c des yeux. Sur le signal EOG,

clignotants, position lattrale du vdhicule its se traduisent par des deflexions Lcntes durawup. d'une

*des signaux phvsiologigues : 2 voies EEG pani6to se~onde es d'au momns 100 microvolts d'amplitudc 161. L-eur

occipitales. 2 voies EOG (verticale et oblique) detection est optimisde par l'emploi de ddrivations EGG
horizontales ou obliques qui sont des composantes trts

De plus, une camdra filmait pendant tout sensibles aux variations fines de la vigilance [8]. Les MOL sont
l'essai It visage du conducteur, ainsi que ses bras et la pati dttectts en grand nombre lors du stade I de sommeil mais
supdrieure du tronc. Ce film permet Ia detection de l'hypo- apparaissent dgalement durant la longue p~riode s~parant I'&veil
vigilance grice A une analyse comportemerttale.

du sommeil [7). Leur amplitude est mod~dre au ddpart mais

Nous disposons donc d'une importante augmente avec: It degrd de somnolence [41. Sur des conducteurs

banque de donn~es qui nous permiet. dans un premier temps, de train effectuant de longs trajets, il a dtd remarqut que la
d'dtablir une riffrence physiologique du niveau de vigilance du proportion des MOL augnlentait nettement avec la survenue de
conducteur. 9 sujets sur 27 se sont endorinis et sont sortis de la Ia somnok-nce, alors que le nombre de clignemnents palpdbraux
route : leur durte de conduite vatie entre 46 minutes et 2 heures

16 minutes. Les 18 exptrimentations restantes (sans diminuait [6]. Des tuides en laboratoire ont montr6 que Ie

-ndormissement) ont durd entre 2 heures et 2 heures 5N pourcentage de MOL crott contin~riment pendant toute Ia pt~riode

minutes. Ces enregistrements nous donnent donc la possibilitc d'&d'eiI pr~cddent Ie stade I de sommeil. qu'il reste constant et

d'dtudier tous Its stades de vigilance entre l'dveiI et Ie sommeil. dlev6 pendant tout le stade I puis decroit lors du satde 2 [7].
D'autres auteurs decrivent Its activitis oculaires d'6veil comnme

3 3. ETARLISSEMENT DE LA REFERENCE des mouvements amples, rapides et tr~s frequents (clignements
PHYSIOLOGIOUER FOURNISSANT palpdbraux, mini-saccades). Le d&but de la pdriode de transition
LE NIVERAU DER VIGILANCE fait apparaitre des mouvements oculaires tents d'amplitude

moyealne, Ia fr~quence des clignements diminue. LU vdritablc
3-1 INIDICES PHYSIOLOGICUES stade de somnolence est caract~ris6 par des MOL de grande

PERTINE.NTS amiplitude [81. La transition entre 1'6tat de veille et Ie stade I du

De nombreux auteurs ont decrit lts sommeil est donc ponctude par une siquence d'dv~nements

modifications intervenant notamnment sur Its signaux 61eCUo0- oculaires dont la premi~re manifestation est Ia disparition des

enciphalographiques (EEG) et 6lectro-oculographiques (EOG) mouivements caracterstiques de l'dtat de veille active.

lorsqe lavigiance &-rot. 1 semble donc qu'une ddfinition correcte de

Le signal EEG est classiquement utilise cette pdriode de transition ne puisse se baser uniquement sur It
comm inicaeurdu iveu d viilace un uje 3][4] signal EEG et que I'analyse simultande du signal EGG soit

indispensable A l'obtention d'une definition

151, En effet, de nettes modifications du contenu frtquentiel de dlectrophysiologique fiable 141.
cc signal sont observ~es lors du passage de l'iveil I un stade
d'hypovigilance. puis A ]a somnolence et enfin au sommeil. 3-2 ETUDE COMPORTEMENTALE
Pour Ies stades d'bypovigilance et de somnolence qui nous
interessent. l'analyse des bandes de frdquence beta (12 A 25 En compltment de l'analyse des signaux
Hz). alpha (8 1 12 Hz) et thtta (4 1 8 Hz) semble la plus diectro-physiologiques, l'dsude du facteur comportemental
adaptc&. Un ralentissement des ondes ctrtbrales, exprimý par s'av6Te etre un puissant outil pour )a d~tection de I'hypo-
uric augmentation du pourcentage des ondes alpha au d~triment vigilance. Dans notre cas, Ies diffirentes manifestations
des ondes beta caracttristiques de l'tveil actif est observi er :omportementales peuvent etre enregistrdcs en filmant en
coficomittance d'un ddclin des performances. Les corrflationw cnii cvsg usjtaniqelssget oirl

enutr Ia performance ct Its indices EEG sont significatils : dlle, impliqufs dans ]a tiche de conduite. A partir de cc film, une
soot positives avec: Iactivitd beta et nidgatives avec: Its activA6E li,,ie des coanportements peut etre Etablie.
alpha et theta.

Que cc soit dans le domaine de l'dthologce ou



de I'ergonomnie, de nombreux auteurs se sont int~resse, sujet est concentrd sur ses tiches : maintien de ]a trajectoire et

l'analyse comportementale et ont ddcrit on certain nombre maintien de la consigne de vitesse. Il regarde soit la route, soit

d'activitis subsidiaires non n~cessaires it la rdalisation dc la le compteor vitesse. 11 se tient droit, les deux mains placdes sur

tiche demand&e [91, 1101: le volant. Ce sont des p~riodes de grande activit6, pendant
lesquelles le sujet est tonique, tout particuli~rement pendant la

-activitts ludiques phase d'apprentissage des tiches.

-mouvements de confort :diffdrents ajustements de
position Un 6pisode dWhy po-v igi lance est caract~ris6

-mouvements auto-centrds ou autistiques [II1. Ce par une modification de ce comportement. On peut alors

type d'acte moteur correspond A un mouvement de observer diffi~rents phdnom~nes qui apparaissent de plus en

! oneni de, deux mains do sujet vers son propre plus souvent au fur et ý mesore que la vigilance baisse et qui

corps (grattement, tapotement, rongement des montrent que ]'attention du sojet se porte progressivement sor

ongles par exemple). des points autres que la tiche qui lui a dtd fixie:

L'~ude de ces activitds sobsidiaires, -mouvements sur le siege : redressements,

dgalmen qulif~esde clladraes 12, s'v~r d'n gandmodifications de la posture et de la position par
~galmen qulif~s e cl~a~raes 121 s'v~r d'n gandrapport au dossier et A l'appui-t~te

intdr~t pour la comprehension des effeus d'une tiche r~p-6titive et moovements des bras : modification de la position
monotone. Elles sont soovent consider~es comme le reflet de des mains sur le volant. conduite d'une scule main
l'inadequation entre les capacit~s du sujet A on instant donn6 et -mouvements de la tate : regards vers l'ext~rieur,

la tiche demand&e. recherche d'un autre centre d'int~rkt que la route

-mouvemnents auto-centres

3-3 RESULTAT baillements. soupirs..

Nousprdentos ii ue m~hod perietantLa fr~iquence des regards vers le compteur

la caractdrisation do niveau de vigilance do sujet. Celle-6 est vitesse. indiquant que le sujet est concentrd sur la consigne de
base sr 'anlye dunepat ds ignuxEEG et EOG qi maintien de la vitesse, est dgalement on indice r~vdlateur du

basicnent su ommnye d'une p'avnds sinux qoxdemnt n niveau de vigilance. En effet, on observe que la diminution do

grande part de l'inforrnation recherchee, d'autre part do film nombre de ces regards est dtroitement lite ý l'apparition de

video repri-sentant le conducteur. L'association de ces trois l'hypovigilance et associdle A une nette augmentation de ]a

sources d 'information doit pouvoir permettre d 'accdder de variabilit6 de la vitesse autour de la valeur de consigne.

manitre fiable au niveau de vigilance recherchd. Cette mdthode Aayed ea E
est entitrement manuelle, nous n'avons pas cherchd A effectuer Aayedisga E
on traitement aotomatis6. En effet. l'6tablissement de la Ei s fetd efqncasqe
rdfdrence physiologique peot etre riali&6 en temps diffdriS. en aprtodelsmneces iiqcchnlgqu et
laboratoire. puisqo 'elle ne concerne que la phase d'dtode de Lapar ndimio uin de Ia u somol nceest indiqod videhronolog tiqu ont
notre systdnie. D'autre part l'analyse comportementale ne pu padoes diiuind axondes alpha suivi de leuapiparitionprgesvauroi
techniquement pas Eire envisagde de fa~on automatiqoc A I 'heurc des ondes alhta, usd erdsaiio rgesv upoi
actuelle, alors qu'un traitement manuel fournit des rdsultats dsodstea

fables.Anallse du signal EOG

La rridthode consiste dans on premier temps a L nebeds6~eet uvnspu
6tudier en diftails le film viddo : tits riche en informations, il I nebedsddeet ovnspo
comporte on grand nombre d'indices comportementaux terp*s lsinlEGacos;duesi

permettant de dict-re l'ttat de vigilance. Nous construisons lge nt;ppbru
ainsi on tthogramme en codant chaque item comportemental f lgermentus pranches eaupie
puis en le transcrivant directement Sur le tracE des signaux EEG -frneturds franches de p aupihes
et EOG. Nous disposons done I toot instant de la regads veots e omptacurvies
correspondance entre F'aspect comportemental et l'aspect -regatids vers IcCopeuxlrs vitioesse hy
physiologique. Une analyse des signaux EEG et EGG es vigitatince(ssde s eox Ion Ad'eisds d'yO-)
ensoite pratiqu~e et I'ensemble de ces r~sullats permet de difinir v~~ne(soiso o e O)
une classification en cinq niveaux de vigilance.Larie dsfotde-wt tdeecne

du signal renseigne sur ]a rapiditi des mouvements. Cet indice
~D3IU...OUDO1I~D~1*est gitntralement bien rivdlateur do nivcau de vigilance. La

Figure I prdsente des exemples typiqoes de quciques
En g~ndral, le coniporten'cnit do sujet tvolue nvwvernents oculaires.

nettemnent au cours de l'expdrimfentation. En dMbut d'essai. Ic
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CCL

C Figure 2 Signal FOG enregistrt apr~s:
a -5 min 46 see de conduite

b -30 min 13sec de condujte
c - 1 h 8 min 22 sec de conduite

...... ....... .... .. (sujet n' 2 s'6tant endonni apr~s I h 10 min d'essai)

Classificafion en niveaux de

Cette classification doit ftre dtablie en continu
............ sur tout l'essai, de faqon ý connaitre A tout instant le niveau de

e vigilance du conducteur. Nous d&finissons 5 niveaux :
. .........- Nixeau I : Haute vigilance. Le conducteur

......... est en plein possession de ses
moyens

F£fgur I: Les diffirents; mouvements des yeux traduits sur le -NiXa .L2' Niveau d'hypo-vigilance tr~s
signal EOG (sujet n* 2) - a - clignement palp~bral pr~coce (premiers ignes)

b - 'ermnerure de paupi~res avee temps d'arr~t yeux ferm~s tr~s -NIyeuJL2 Niveau d'hypo-vigilance pr~coce
court - c - fermeture de paupi~re de plus de 2,5 sec. -N*YeauL Niveau d'hypo-vigilance

d - contr6le compteur vitesse proflonc~e
e -rotations des yeux lors d'un tpisode d'hypo-vigi lance, -Nixeaia.4 Stade final. Le conducteur semble

associ&s A des fcrmetures partielles dormir

Pour les expdrimentations courtes, se soldant
par une sortie de route apr6s endormissement. on observe

La nature des Evýnements oculaires se mlodific rapidemrent une modification du comportement signifiant que Ia
fortement en fonction de Ia vigilance. Un tract de haute vigilance baisse. Plusieurs sch~mas peuvent alors se
vigilance ne comporte que des clignements palobroux et des ret ontrer:
regards vers It compteur vitesse. Les mouvcments sont rapides,
les fronts de mont&e et de descente sont presque verticaux. En -Ia vigilance decrtoi continfimfent jusqu'A Ia fin de
basse vigilance, It tract est plas complexe car diffirents Pessai
mouvcments oculaires sont combinds entre eux. Les -It conducteur passe par des phases importantes de
clignements; palpobraux font place A des fermetures franches d( n~cupdrattion, plus ou momns longues et plus ou
paupitres. Tous les schdmas oculairca sent d~formits. Les momns nombreuses.
di-placements deviennent lents et Ies yeux sont en perpitucl
mouvement dans une lutte contre It sommeil. Des MOL Sur lea expirimentations longues, stoppoes
apparaissent. Entre ces deux stades, Ies modifications sont apits 2 heures 30 minutes ou 3 heures de conduite en l'absence
progressives. L'analyse de l'EOG permet donc de bien suivre la d'endormissemcnt, certains sujets ne montrent pratiquement
dMgradation de Is vigilatnce. LA Figure 2 illustre I'apparitiowt de aucun signe d'hypo-vigi lance. D'autres traversent des phases de
l'hypo-vigilance. vigilance amoindrie, sans atteindre lea niveaux aboutissant k



l'endormissement. D'autres commencent A s'endormir jusqu'A SUIlET N* 25

ce qu'un debut de sortie de route ne les ireveille.

On remarque une grande variabilitd inter- . ,.,.;: 0,... . , . ,

individuelle quant aux classifications obtenues. Celles-ci sont
caractiristiques du comportement personnel d'un sujet face A la
tache qui lui a dt attribu&.

Les Figures .3 et 4 fournissent quatre *0.* 00*.. 0000 00,,,

exemples de classifications obtenues sur des sujets diffdrents.

stIJEIT N* 2 StF *3 J --LAJ1I AJU

Fiur 4 lsiiaiospyilgqusdssjt

n0 5 t 5 Cnqnieax e iglac

F~~~~~~~~~ ~ ~~~ Pur 3iur Classifications physiologiques des sujetsn2 iLssjtso ouleduxorsdearueaps

Cinq niveaux de vigilance endormissement
Les sujets sont tous les deux sortis de la route apr6s

endormissement

de cofit raisonnable et d'absence de contrainte pos~e au

4.- DETECTION DE L'HYPO-VIGILANCE PAR coiiducteur pour son analyse.

LES SIC.NAUX MECANIQUES
Afin de mettre en 6vidence les differences

4-1 METHODE extstant entre un signal de Haute Vigilance et tin signal de Basse
Vigilance. les paramntres suivants sont calcul~s stir le signal

L~e niveati de vigilance du sujet ttant connu A Angle 'Nblant:
tout instant grice A l'analyse pr~c~demment d&rite. la
corrilation entre cette rWfrence physiologique et le Surface Totale sous la courbe du signal Angle Vblant
comportemnent du sujet vis A vis de sa tiche de conduite doit etre redftssE :Sto
Otablie. Ceci permiet de substituer i l'indicateur physiologique, - Comptages des passages du signal par des lignes
un indicateur micanique du niveau de vigilance, plus facile A iso-degr~s. 6 pararnetres sont ainsi ddinis.
mettre en oeuvre dans un syst~rne enibanqut. No correspond au nombre de passages par zdro.

Ni correspond au nombre de passages par les lignes +/-

L~e signal Angle '&blant a dtE choisi dans un degrts, i variant de 0,5 degris A 2,5 degrds par pas de 0,5
souci dc simplicitt du capteur n~cessaire A son enregistrement degrts.



7 variables quantitatives sont donc extraites approche Bay~sienne) est misc en oeuvre [131. Certe m~thode

du signal. Les calculs sont mis en oeuvre en contiflu sur tout prdsente l'avantage d'etre rapide et facile A interpreter. Elle est

l'essai. stir des fen~tres de 8 secondes d~caldes de 2 secondes, adaptde A un cas comme le notre obi il s'agit d'examiner si les

le signal 6tant au prdalable centrd stir chaque fenetre. variables explicatives permettent de discriminer les classes

d~finies a priori. L'arbre est construit en pantant d'un sous-
De plus, 3 variables qualitatives sont dchantillon de la population totale (echantillon d'apprentissage

d~finies : fixt ici A 80 % de la population et tire au hasard). 11 consiste en

- Unc variable not~e CVIR repr~sentant le une suite de regles testant la valeur d'une variable quantitative

codage des virages ot comportant 3 mnodalitds (Modalitd I : ligne par rapport A un seuil ct permettant l'affectation d'un individu A

droite ; 2 : virago A droite oti A gauche, 3 :melange de ligne tine classe. Les seuuls et le chemninement dans l'arbre sont

droite et de virage). Certe variable est crdie grice A tine detection calcul~s de mani~re A optimiser la coincidence entre classe

de franchissement de seuil stir Ie signal "courbure" enregistrd d'affectation et classe a priuri. Le pouri-entage de bon

sur le simulateur classement obtenu est tin indice r~vdlateur de la qualiti! de la

discrimination et de la capacitd des variables choisies ii s~parer

- Une variable notie JOIN rcprdsentant les classes a priori. L'affcctation d'une nouvelle sequence issue

les chevauchements entre deux zones de ligne droite ot d'un ensemble test (20 % de Ia population totale) est effectu~e

comportant 2 modalit~s (Modalit6 I : sequence en dehors des en demnier lieu: partant du sommet, elle descend l'arbre jusqu'A

jointures ; modalitd 2 :sequence dans une jointure). Cette cc qu'elle arrive A un segment terminal. Le pourcentage de bon

variable permet d'dviter toute discontinuiti! dans le signal, doie classement ainsi obtenu renseigne sur Ia robustesse de l'arbre.

un raccordement de deux lignes droites.4- EUT a

- Une variable notie VIG I rcprdsentant le

niveati de vigilance associd A une fenetre et proveniant de Ia Nous pr~scntons ici les rdsultats obtenus par

classification physiologique. Cette variable prend 7 modalit~s cette rindthode sur 3 sujets diff~rents. Le tableau de la Figure 5

(Modalit6 I :Stade 1 de vigilance ; 2 : stade 2-; 3 :stade 2 ; 4 : recapitule I'ensemblc des param~tres d'entrie et de sortie dans
stad 3 5 sadc4 ;6 : bsece d coage7 meang de chacun des cas 6tudids. Pour chaque sujet, l'analyse est misc en

oeuvre dans deux cas:
plusicurs stades)

Ainsi, pour chaque sujet, un tableau croisant - Dtcindshp-iiacsp~oe

10 variables et n fenetres de calcul (n ddpendant de Ia dur~e de (opposition des siades 1 et 2)
- Detection des hypo-vigilances

l'essai). est crte. prononc~es (opposition des stades I ct 3)

La procedure de traitement ddveloppee ici

consiste dans un premier temps A 6liminer les fen~tres en virafe 6 cas son! donc presenths. Pour chacu~n d'eux, le tableau fait
ou en medlange de ligne droite or de virage (shlection des fenftrc' parir
pour lesquelles CVIR = 1).-

- Le nombre total de sequences : Coest Ie
L'Climination des jointures entre deux lignes nombre de fenetres de 8 secondes, d~caldes de 2 secondes,

droites est ensuite rdalisde grice A Ia selection des feneftres disponibles pour l'ensemble de l'essai
verifiant JOIN = .- La ventilation de ces sequences stir

chacun des niveaux de vigilance consideres, apr~s elimination
Le choix des niveaux de vigilance & opposer des virages et des jointures (CVIR = I ot JOIN = 1)

Cs! enfin effectu6 pour tine direction de l'hypo-vigilance - Le taux de reconnaissance entre classe
prononcde. nous conservoils les stades I ci 3 de la classification d'affectation et classe a priori, stir l'ensemble d'apprentissage
physiologique (VIGI = I ou 4). Pour une detection de - Le taux de reconnaissance entre classe
1'hvpy iiac rcclssae i2sn osrC d'affectation or classe a priori, stir 1'ensemble test
(VIGI =I ou 3). - Les variables apparaissant dans l'arbre et

utiles h Ia discrimination

Le tableau de depart se trouve donc ainsi - Le seuil de test de chacune de ces

simplifit et rdduit il croise maintenant 10 variables (CVIR = . variables
JOIN = 1, VIGI 0 (ou 4) ou ( Iou 3), Sto,. N&, N0 ,5, N 1.
N 1,5, N2, N2.5) et un nonibre de fenietres infdrietir I n. On pout observer que les taux de

reconnaissance varient entre 60.89 % et 83,24 % sur les

Stir cc tableau, une mdthode d'analyse ensembles d'apprentissage et entre 55,15 % et 83.84 % sur les

*discriminante basic stir ]a construction d'un arbre de ensembles test. Ces valeurs sont donc assez diffdrentes d'un

segmentation binaire (segmentation non param-dtrique par Sujet A l'autre.
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arbres de segmentation obtenus sont donc. extramement simples
-W r, :o us ne testent qu'une ou deux variables. Les tests sont rfalikss

de la mani~re suivante:

- i Test de Sto
z SiStot< Sejil alors l'individu est affect6 l a classe I (Haute

Vigilance)
_rtý Si S~ to Scuil alors l'indjvidu est affectd A la classe 2 ou 3

00 (Basse Vigilance)

0 0~ 0 0 - T~st de NO:

0 Si No > Seuil alors I'individu est afff. td A la classe I(Haute

Vigilance)
* Si No S Seuil alors l'individu est affectd ls a classe 2 ou 3

~ N N 0(Basse Vigilance)

0 CL

Si N 2 ,5 < Seuil alors l'individu est affect6 l a classe I (Haute

- N ~ , ~Vigilance)
C N N NSi N2 , 2!Ž Seuil alors l'individu est affectsý A la classe 2 ou 3

(Basse Vigilance)

> On peut remarquer que les variables

sdlectionn~es par l'arbre different selon les sujets et selon les

0* ~ ~ ~ . C ' ý 0 0 n I niveaux de vigilance oppos&s Cepe.idant, St s'av&e &tre le
C pvaram~te le plus discriminant dans la plupart des cas. Ceci

0 . semble montrer que la discrimination est essentiellemrnt basde
N C'N C) Nsur l'amplitude du signal Angle Volant. Ce rdsultat est 6galement

- confirm6 par la prdsence de N 2 ,5  dans les variables
2 S 0 s~lectiornndes. No n'apparait que dans un cas :son existence

z- - - - prouve que la friquence des mouvements du volant est

5 5 5 .5 s 5Eaeetat icimnrdu tt evglne
0 0 0 0 0 0 0

-. * N~N..- ~Les taux de reconnaissance obtenus prouvent

__________ -~que les variables s~lectionn~es peuvent diseniminer deux dtats de
vigilance. Le sujet n* 3 montre des r~sultats plus middiocres en

'~ L L.L.....d~tection pr~coce, ce qui laisse supposer qu'il possede une
strategie de conduite diff~rente de celle des autres sujets.

Fiur Tableau r~capitulatif des r~sultats de I'analyse

discriminante
r~alis&e sur le signal Angle Wiant

(ParanI~res Stot No, N0I 5 . N1 . N 1 .5 . N2 , N2 ,5 ) 5- C N LSO

L'Etabl issemen t d'une r~f~rence

L~a reconnaissance est toujours mieux r~alisde p~iysiologique fournissant Ie niveau de vigilance du sujet

en d~tection d'hypo-vigilance prononcee qu'en dUtection constitue une dtape n~cessaire pour rdaliser la d~tection de

d'hypo-vigilance prdcoce. C ci est un r~sultat attendu car les l'hypo-vigilance ii partir de signaux m~caniques. Nous avons

modifications observtes sur le signal Angle \&ilant sont d'autant montrd que cette r~fdrence pouvait etre dtablie grije A l'analyse

plus marqu46es que Ia vigilance est basse. ce qui signifie que la simultante du signal EEG, du signal EOG et du film vid~o

d~tection est d'autant plus complexe ý rtaliser que V'on So0uhaite permettant d'itudier Ie comportement du conducteur. Une

mettre en 6vidence des ph~nombnes prdcoccs. Ceci Etant, m~thode d'analyse discriminante par construction d'un arbre de

l'hypo-vigilance prdcoce peut etre correctement misc en segmentation permet ensuite. A partir de variables extraites du

Evidence grice aux paran-ktres choisis, notarnment dans Ie cas signal Angle Wlant, d'Evaluet Ia corrtlation existant entre le

cu sujet n'2. domaine physiologique et Ie domaine motcanique. Les rdsultats

apportis par l'analyse de donnO-es conduisent I un taux de bon
Paimi les 7 pararnttres calculds, 3 seulement classsement de l'ordre de 80 % et rrýnwrcrnt que Ie signal Angle

s'avtrent itre utiles A la discrimination: Stot No et N 2 ,5 . l"es ~Wlant contient les informations n6cess~aires k une d~tection

auntrs coniptages ne sont pas des variables discriminantes. Les correcte de l'hypo-vigilance. Les r~sultats sont encourageants,



m ais m ontrent que le ca lcul de nouveaux pa fa ni~ trc s s , , i 1 . K II.A , 1 7

signal Angle Volant est n~cessaire 4t l'obtention Tune meilleure 'eprlcag fsb~ir eairi oooiu
corrielation entre indicateur physiologique et indicateur femora hneo usirkbhvo nmntnu
mecariique. J. Human Ergologv - n'2 - p. 75-99
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GREMLINS: A DOZEN HAZARDOUS THOUGHT AND BEHAVIOR PATTERNS
AS RISK FACTORS
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SUMMARY

The tcnn "Gremlins" is known as fictitious ill- explained by more scientific methods.
tempered spirits loved by children as comic strips
and movie characters. During World War II, it was Although modem technology presents materials
an easy and unscientific way to throw blame on providing safety in almost all conditions, accidents
Gremlins which were considered responsible for continues on faults rising from human beings. This
unexplainable mechanical difficulties, as if a gin means hardware problems were solved on big
caused malfunctions in the aircraft. scale, but still problems of software holds (11. 12,

13, 14).
1 equate Gremlins to a dozen psychological traits
which are not always seen objectively, but are In this concept, it fits more to use gremlins as "ill-
very important both in aviation practice and daily temperness belonging human psychology that may
life, as insidious and hazardous effects on human cause risk". There are many risk factors related
behavior, with human psychology.

The number of Gremlins (irrational judgement The following define a dozen of psychological risk
patterns) may not be limited to just twelve, they factors (gremlins) on the accident base.
are likely to be more and may facilitate accidents
and incidents. These twelve factors are as follows: I. Accident Proneness: Among the causes of
accident proneness. traumatophily, unconscious accidents, virtual elements are always
suicide trait, phobic and counterphobic behavior. found to be interesting. One of them is
unsatisfied positive feedback desire, resignation, really a gremlin that, element of accident
ritual trap. anti-authority. invulnerability, proneness. People called as ill-omened in
impulsivity. macho attitude and limited public, are known that they break
spontaneity. something in and around and hurt

themselves, and others. According to
In fact, five hazardous thought patterns (anti- researchers people are responsible in 10%
authority. invulnerability, impulsivity, macho, of accidents at the rate 75%. In the same
external control) have been suggested by ERAU way, 33% of all traffic accidents are
(Embry Riddle Aeronautical University) caused by 4% of drivers (15).
researchers. I have just enriched them by adding This might be related with personal stress
some other well-known patterns. Perhaps it has cumulation, physical and intellectual
become more interesting by equating them with accuses or by self punishing motives (4).
Gremlins. But at the end, it seems that some people

carry the accident causing manner and
INTROI)UCTION seeds of their disasters by themselves. It is

understood that unconscious masochistic
It was the gremlin, that diagnosis of pilots and motives stand behind the accidents, which
engineers for mechanical malfunctions, caused look like a bad chance (1. 2).
aircraft accidents during World War It. Unfortunately, there isn't any test to

diagnose these motives that no one
"Gremilins" is a concept meaning ill-mannered gin, accepts. But what possible is, to pursue
which was used as an accuse for unexplainable the persons in long terms and work
accidents due to technical insufficiencies in that statistically in which everything, including
era. Today they are nolhing but puppets and the negligible accidents, is recorded to
movies characters. Reasons of accidents are find out the concentration of events.
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2. Traumatophily: Sonic people enjoy activities are driving fast, involving a fight
trauma, they have a tendency to traumatic continually, dangerous sports or
life being not aware of this. Every action unnecessary courage, etc. For people
taken, turns into trauma by jumping into having a gin (gremlin) in the form of
troubles having no comfort at all. The insubstantial fear or excessive defenses
inclination of acting out may lay down developed against that, it is hard to work
beneath their behavior in order to realize safely and to continue their lives
what they are afraid of or to get rid of healthfully for a long term.
internal stresses. The aim of these The one who knows the reasons of what
traumatic manners is not to reach pleasure, he is doing, is the person who can rescue
but to avoid discomfort (3). himself from these vicious circles.

3. Unconscious Suicide Motivation: The 5. Positive Feedback Insatiability: Being
worse case than to be found guilty for motivated is a need for everybody, but
someone is to feel guilty and to think that while acquiring this insatiable manner is a
it's necessary to be punished by himself. kind of insatisfaction sign.
For instance a person feeling guilty for the Vise people should have some higher
death of another, may be in the guiltiness level satisfactions like performing the duty
of being alive (5). Having the properly, to produce, to create, usefulness
compensation feeling, they prepare the and feelings of realization of himself than
scenario of their death unconsciously. This appreciation of the leader or a group. A
is called as "The Law of Talion" meaning person appears in the afford of being
an eye for an eye (1). In the USA, admired and, to be known as exceptional,
accidents are reported each year that in the may really create an impression as
form of crashing onto church, school or a diligence or success, but may not realize
bar, ending with the death of the pilots, that he enters the risky region having all
ending with the death of pilots, clearly the indicators striking red.
infonted as suicides (10). From the other
side, Erica Jung indicates in her novel 6. Resignation: Here, in spite of pain and
that, pilots perfoniing KAMIKAZE distress, entrusting himself to God and
divings experience a-. excitation that costs seeking a wisdom in that take place,
them their life, having feelings more instead of thinking there exists something
severe than orgasm (7). If a careful to do even in most negative cases. As
comparison is made, difference between though life goes on a predefined scenario
the accident proneness, traumatophily and, and behaviors of people are controlled
unconscious suicide motivation can be from outside (9). Statements like "What is
realized, fated will happen .... attempts are useless...

not in one's hand .... fate..." are the forms
4. Phobic and Counter Phobic Manners: of these ideas.

Worries and fears, as the source of all Not to interfere to events and leaving the
feelings of people being expressed in case responsibilities to supernatural forces, to
of danger and objects. are natural and expect help from false beliefs are the
universal reactions (8). examples of pacifism. But resignation is a
Otherwise. humanely natural fears are vice in the meaning after every possible
feasible which are called to be "vise thing was done and wait without panic
fears". afterwards.
"Fearlessness of people do not indicate
their fearlessness and strength but, 7. Ritual Trap: Repetitive jobs begin to be
foolishness". Anhealthful thing is "to be performed automatically without care of
afraid from cases that actually do not time. The same checks repeated thousands
worth" or "to try to compensate the fears of times and the same monotonic duties
by counterphobic behaviors". Sonic may mislead to a belief that everything
examples of attempts that people try to will go well resulting in a manner, in
give a message, such that they do not which no importance is given.
show fear and can cope with risky

I
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Situation that, people work with the same till the end is pathological.
mean, has positiveness. On the other hand,
due to unification of man and machine 10. Impulsivity: Some people have a tendency
and recognization of machine habits, to behave spontaneously and emotionally.
negative aspect is, magical presumption of They have no patience to consider the
man that no hazard comes from machine possibilities and to think for choosing the
since he builds a close relation and feels best of them. The shortest expression of
he is different. At the end by less this act is: "Just do it!" (9). This hastiness
regarding the rules, within excessive self cannot be qualified as "Reflective
confidence, will make the situation closer application of certain behaviors in certain
to stealthy danger. The fact that some situations" obtained by training or
professionals appreciated in various fields "decidedness, self confidence or courage".
(driver, pilot, surgeon) drive the lifes into These impulsivc people showing
danger, is known. emotional and sudden behaviors followed

by penitence are in a group having high
8. Antiauthority: People against the authority accidental risk potential.

cannot endure the rules and the person The phrase in American slang, "off the
having the power of control on them. cuff', is for oral impulses. It is a fact of
They show reaction to those, indicating saying whatever comes into mind by
how to do the job. They do not want to never measuring and breaking.
understand that, rules born from many There is a proverb calls attention to the
experiences. They exaggerate the detail similarity between driving and life styles.
faults of rules as excuse. Only due to this The same thing is also valid for behaviors
reason, there are many people being lost in a game. Either in chess or football:
in accidents, or skilled persons leaving people acting irregular, impulsive, coward
their job due to lack of discipline. This or masochistic, probably behave in the
behavior, observed on pilots, timely, looks same manner in flight and real life also.
like a reflection of invulnerability and
macho figures (9). CONCLUSION

9. Invulnerability: Examples of tales: bullets Some certain personality variances effect the
bouncing off on Supennan's chest. decision and judgement functions. These disorders
nowhere on Akhilla in urable by arrow, reflected to thinking and behavior, sometimes may
except his heel, show that this way of be leading reasons of accidents.
thinking is present in people's mind more
or less. Contemporary fantasia heros like Effects, defined as gins in this writing, do not only
the Terminator, Roger Rabbit, Hulk, cause accidents, but may be a barrier to harmonic
Batman and James Bond anned with these and happy life also. Some of the features of
features are presented and accepted. A gremlins are: becoming a beast when fed by
number of persons act as they will not (lie midnight, reproducing when they contact with
as a defence is not low (6). Wrong water and dying in daylight.
reasoning (gremlin) as it all accidents and
badnesses are for others, "The bitter Under the light of these knowledges what can be
eggplant does not get frost-bitten means recommended is: "Everybody should find their
the bells of danger are ringing. In research gremlins, terminate them by exposing day light
it was found to be the widest wrong and should not feed in order not to let them
thinking pattern among the others by 43% reproduce and become beasts".
(9). It will be proper to explain "healthy
invulnerability" by opening a parenthesis.
It can be said that there is a need to
invulnerability to some degree for the
human being having limited life, for living
out of death's shadow or to ease people
engaged in really risky works, for
perceiving the fearless. But ignoring the
visible danger and to play Pollianniaisin
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SUMMARY

Birthdate Biorhythm Theory presents a daily guide owl). Even it can be realized that sleeping, eating
line to people about the time of their highest and and toilet requirements have biological rhythms. In
lowest performance. The theory is that it is the world of animals the behaviors like
possible to estimate in which days physical, hibernation, migration, copulation etc. are
intellectual or emotional success or failure would observed to be in periods. To explain such
happen. rhythmical behaviors, scientists have done some

studies on plants, animals and volunteer people.
Many research results show no significant The most important stimulator (zeilgeber) That
relationship between the theory and actual events, starts the daily rhythms of human beings is the
But sometimes the theory has an artificial light. People being light-active and diurnal, receive
(placebo) effects on some people if they are the light through his eyes that increases secretion
concerned about it. Some curious pilots may of the melatonin and reduces the serotonin by
calculate their critical days and this state of mind following the way through the retina, optical
may make them really accident-prone. nerve, visual cortex, hypothalamus and

hypophysis. Then the operation of system
We have charted biorhythm graphics of 200 accelerates by increasing thyroid, surrenal and
Turkish Air Force pilots who were involved in sexual hormone secretion. All these events occur
aircraft accidents, 75 of themn have died and at the awakening phase of people by daylight. On
remaining 125 pilots survived. The existence rates contrary to sleeping period, in which number of
of critical dates and accident days have been breathe, heart beat, metabolism and blood pressure
compared statistically and results were discussed reduces, in wakefulness body temperature
in this investigation. increases, digestive system and kidneys and

increase rate of cells becomes faster (7,8,9).
It is known that rhythmic motions of the moon.
the sun, stars and especially the earth in infallible It is being seen that internal physiological sessions
order, continuing for millions of years effect the in the form of symphony having a magnificent
living beings. periodical downings and risings (4). There exists

a rhythm, belong to the life of living things known
Periodical physical alterations like night-day time, on the earth. This is one of the rules of the
summer-winter and tidal motions have formed the universe (7).
biological rhythms by being ornamented to
menmories of living beings. An example of There are three main rhythms: Infradian (has a
biological rhythm from the world of people that duration longer than a day for example seasonal,
goes with the physical rhythm in synchronization diseases, anniversary phenomenon, menstruation
with nature can be given as full-moon days. It is period. etc.) Supradian (short term rhythms
known that during these days tides in the erotical occurring along the day such as EEG. EGG, REM,
and romantical emotions occur and those people breathing, gastric secretion, etc.). Circadian (24
are said to be lunatic, loony or moon struck. hourly rhythms, like homione secretion during

Some people have the internal clock adjusted to sleep-wakefulness period, changes in level of
sleep and get up early (like a lark), and the others electrolytes, increase and decrease in cell wall
have it adjusted to sleep and wake up late (like an permeability).



Circadian rhythms. since they cause the decrease Statistical consideration handled by Pearson Chi
of the once to work in shift that requires the Square Test.
change of sleep-wakefulness sessions, was notices
in industrial accidents. In aviation, while flying FINDINGS
transcontinental - transmeridian, if the differences
between the internal clock and the local time of TABLE- I
destination, in accordance portrait that called jet TABLE - I1
lag occurs due to dysynchronisation. This is more TABLE - III
severe in flights from west to east and is important TABLE - IV
for business men. scientists, artists and sportsmen TABLE - V
as well as pilots (2,7).

DISCUSSION
As it is seen, the scientific studies on the subject
continues, that it was not accomplished to be In 1979 panel and conferences of AGARD were
explained yet properly with its reasons and concentrated on the subject biorhythm, and the
mechanism. This tentative gap in science is being number of researches enough to fill a book were
tried to be filled by the popular science or printed (5,6,9,). Conclusions of these researches
pseudoscience, as it is the case in other fields. In show contraversion with the suggests of the
the manner that exploiting the wonders of ordinary theory. Symptoms obtained in investigation carried
people, interesting articles take place in the press out by us also, do not support it.
and even books are written.

1. A reasonable relation between the accidents
"Popular Birthdate Biorhythri Theory" presents a coinciding with physically, emotionally and
daily guidance to people for reaching highest intellectually critical days and accident not
potential with a simple calculation method, on coinciding couldn't be found according to Chi
which day the physical, the emotional and the Square Test (Table-I).
intellectual activities become well or bad. These
calculations can be performed within 5-10 minm. 2. It was examined if being on positive or negative
manually and 5-10 sec. if through by use of stages of these 3 periods had effect on the mishap
computer (10). occurred, and no considerable reason was found.

According to the theory. there are three phases in 3. In Table-V by thinking the possibility that
every person's life. Physical Tenn continues 23 critical day suspend a day before or later, all the
days. Emotional Term longs 28 days, and accidents within this period (71) were shown. On
Intellectual Tenm lasts 33 days. Each three phase, the same table the possibility of relation between
zero being at the birthdate, continues during life the critical days and official reasons having no
by drawing sinusoidal curve, having firstly meaningful results at the end was shown also.
positive then negative regions. The points forncd There should be two reasons for the numbers at
by intersection of curves and the abscissa are the upper left comer of table being such high.
considered to be critical days on which related Firstly. since the flight is performed by pilot and
function decreases and accepted as every kind of aircraft, piloting and material factors show higher
negative cases may occur (5.101). level naturally. Secondly, since physical period is

the shortest period (23 days), it is the most
MATERIAL AND METHOI) repeating and most possible term for crossing

mishap day mathematically. Therefore, to consider
2(X) pilots from Turkish Anned Forces included in as accidents occur mostly on physically critical
the investigation who had accidents between the days. can be misleading.
years 1974-1987. 75 of 200 have died during
mishap, while the rest injured or not affected On the other hand, even though the existence of
luckily. Distribution of the 75 death. 2 from the such rhythms possible. the theory disregards the
Navy. 5 from the Anny and 68 from the Air rhythm shift probability rising from personal,
Force. psychological, physical traumas, stresses and
Inspection was carried out on computer with the diseases. Since it will not be possible to detenmine
use of graphics obtained by the programme. to the rhythm shifts, all the calculations collapse. So
detect the period and if exists, critical (lays it shouldn't be expected to believe a mathematical
corresponding the mishap day. fonnulation determent on unknown criterions, like
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believing in a mystic taboo. REFERENCES

RESULT 1. Boff KR, Lincoln JE. Human Perception and
Perfonnance. in Engineering Data Compendium

The result reached by this investigation in short Vol. Ill. pp. 2016,2144,2160
way is that, popular birthdate biorhythm theory is
not capable of explaining the aircraft accidents. 2. DcHart Roy L, Fundamentals of Aerospace
Actually this matter is not considered in classics of Medicine. Philadelphia 1985 pp. 414
aerospace medicine but circadian rhythms
(1,2,3,7). It may not be claimed that, a confident 3. Ernsting J. King P. Aviation Medicine 2nd Edit.
flight can be perfonned even hundreds of systems 1988
consisting aircraft. work in hannony. Because
many people of which the most important being 4, Freedman AM. Kaplan HI. Sadock DJ.
the pilot have more indefinite physiological and Psychiatry I1, 2nd Edit. 1976 Baltimore,
psychological systems. Even in ideal conditions pp. 97-101
that all these go well, an accident may take place
due to other environmental reasons. In those cases, 5. Klein KE, Wegmann HM. Circadian Rhythms
it may lead to mis,3 the objective factors to try to of Human Perfornnance and Resistance:
find factors causes in magical fonnulation. Operational Aspects.

AGARD Lecture Series No. 105 - 1979
Ideal minimum level can be reached by objective
and captious inspections in order to decrease the 6. Reinberg A. Circadian and Circannual
accidents. The most imnporant conditions in this is Rhythmis in Healthy Adults.
to consider the reasons and precautions from AGARD Lecture Series No. 105, 1979
scientific perspective. It may be interesting to
approach by simple method requiring scientific 7. Strughold H. Circadian Rhythms: Aerospace
discussion but one must not fall in its traps. Medical Aspects in Aerospace Medicine. Edited

by Randel HW. 2nd Edit. 1971 pp.4 7 -5 5

Especially for young pilots it might turn to stresses
inviting the accident tried to be avoided, that due 8. Teber S. Davranislarimizin Kokeni. Sorun Yay,
to decrease in concentration and creation of 1971, Istanbul pp. 169
unnecessary anxieties by facing with Ipopular
birnhdate biorhythm theory in actuality 9. Weitzmann ED, Czeisler CA, Moore Ede MC.
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TABLE I - COMPARISON OF MISHAP RATES ON CRITICAL DAYS

WITH NON-CRITICAL DAYS

CR ITICAL DAYS

OTHER
PHYSICAL EMOTIONAL INTELLECTUAL TOTAL

r s CDAYSP S C

FATAL

ACCIDENTS 12 3 9 51 75
D (+)

INFATAL
ACCIDENTS 18 9 11 87 125
D (-)

( X2 =2,15, SD=3, P>0,05)

TABLE II - COMPARISON OF FATAL AND INFATAL OCCURANCES OR MISHAPS

ON THE DAYS WHEN THE PHYSICAL PERIOD (-) i (+)

(-) PHYSICAL (+) PHYSICAL
PERIOD PERIOD TOTAL

EXISTENCE INEXISTENCE EXISTENCE INEXISTENCE

FATAL

ACCIDENTS 34 41 29 46 75
D (.)

INFATAL
ACCIDENTS 47 78 60 65 125
D (-)

SX 2=0,86 P>0,05 X 2=1,3 P)>,05 )
I
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TABLE III - COMPARISON OF FATAL AND INFATAL OCCURANCES OF MISHAPS

ON THE DAYS WHEN THE EMOTIONAL PERIOD (-) a (+)

(-) EMOTIONAL (+) EMOTIONAL

PERIOD PERIOD TOTAL

EXISTENCE INEXISTENCE EXISTENCE INEXISTENCE

FATAL
ACCIDENT 34 41 38 37 75

D (+)

INFATAL

ACCIDENT 61 64 55 70 125

D (-)

(X2=0,11 P>0,05 X2=0,59 P>0,05

TABLE IV - COMPARISON OF FATAL AND INFATAL OCCURANCES OR MISHAPS

ON THE DAYS WHEN THE INTELLECTUAL PERIOD (-) 6 (*)

(-) INTELLECTUAL (+) INTELLECTUAL TOTAL

PERIOD PERIOD

EXISTENCE INEXISTENCE EXISTENCE INEXISTENCE

FATAL

ACCIDENT 34 41 33 42 75

D (+1

INFATAL
ACCIDENT 46 79 68 57 125

D (-)

( 2
1,0 P>0105 X =1.63 P>0,05)
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TABLE V - COMPARISON WITH ACCIDENT REASONS 6 CRITICAL DAYS

C R I T I CA L DA YS

TOTAL
- IP S C PS PC SC PSC

PILOTING M5W&) 25 15 20 1 5 - - 66

MATERIAL 14 9 11 1 2 - - 37

z ADMINISTRATIVE 3 1 3 . . . . 7

0 MAINTENANCE 2 1 2 . . . . 5

UNKNOWN 2 - -. . . 2

' OTHERS - - 2 . . . . 2

TOTAL 46 26 38 2 7 - - 119

( X 2=0,55 P> 0,05 X 2=0,58 P> 0,05
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